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CText] Introduction 


This investigative report is a campilation af the results af the 
"Research Study on Actual Conditions in International Structure 

of Research and Develapment," an investigatian that the Science 

and Technoalagy Agqency’s S&T Policy Bureau commissicaned us toa da 

in FY 1988 with Coordination Funds fer the Froametion af Science 

and Technelogy. Based an the results af a two-year-loang research 
study, this is a final report that comprehensively examines the 

international state af F&D affairs. 


The deepening of mutual international relationships that center 
mn scientific and technical F&D is becaming a situation where the 
develapment af those activities goes beyond national bo ders. 
Businesses af all countries are actively maving ahead with the 
develapment of F&D streangpoaints abroad. In research organizations 
and higher-education arganizatiaons, tac, the internatianal 
exchange af researchers and scientific and technical information, 


internaticanal joint research, and ather such coanperative 
activities are becoming more vigorous. In recent years, this 
international expansion of F&RD activities has nat been canfined 


ta the advanced naticans of Japan, the U.S., and Eurepe. It is 
starting ta Have an impeartant siqnificance far develaping 
countries, toc, whease F&D activities have became vigerocus as a 
result af techneloagy transfer and eceancamic suppeart fram the 
advanced countries. 


Out of these F&D activities that turn inte competitive and 
comperative relaticnships, Japan is being asked ta make 
cantributiaons ta the international society that correspond to its 


level af technoalaqy. For Japan, adequately grasping the actual 





state of the interrelationships of each country’s F&D activities 

is becoming necessary as a basis fram which ta make apprepriate, 

effective S&T policies for the purpose af actively developing its 
F&D activities. 


Based on this kind of recognition, cur research study organizes 
and analyzes the statistics on F&D activities in five advanced 
countries (Japan, the U.S., West Germany, the U.F., and France) 
and in NIES and ASEAN ceauntries, and then compares each of the 
countries. It alsa investigates the actual state of Japanese 
businesses’ overseas F&D activities and examines the problems 
surrounding international R&D activities. 


We haope that this report will be useful as a basis for Japan’s 
future S&T policies. 


Finally, we would like ta again thank the gqentelemen af the 
Fesearch Committee and the many experts invalved in this research 
study for their quidance and cooperation. 


= March 1990 


Future Engineering Fesearch Institute, an incorporated foundation 
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I. Purpose of the Research Study and Summary of Results 

1 Research Study Aims and Methods 

1-1 Research Study Aims 

Interlinked with the internationalization of econeamic activities, 
S&T activities have alsa reached a state in which their 


development goes beyond natianal bearders. 


Until now, three poles--Japan, the United States, and Eurcpe-- 
were at the center of any discussions about the state af F&D 


affairs that farm the background of S&T activities. In contrast, 
S&T activities in develeaping countries are alse becoming 
activated by grants and transfer af technology, ecanamic aid, and 
ather assistance fram developed coauntries, assistance that 


started with Japan; in recent years the NIES (Newly 
Industrializing Ecaneamies) and ASEAN (Assaciation af South East 
Asian Nations) cauntries are alse cantinuing ta take oan an 
impertant rale in the international environmental framework. 


Given these circumstances, international cacnperatian and 
competition in F&D activities is becoming more of a reality, not 
manly amang advanced countries bit including develaping countries 
as well, and Japan toc must promptly cape with the situation. 


Therefore, in arder ta bring sut the actual interrelatianship 
between F&D activities of Japan, the United States, Europe and 
the NIES and ASEAN coauntries--clarificatioan needed far Japan’s 
government S&T policy studies--we will examine the actual 
international structure of F&D activities and the historical, 
industrial, and ecanamic factors in that background; this 
investigation will give a grasp af analyses of each countries’ 
R2D-related statistics and the state of domestic and fereiqn F&D 
activities of Japanese firms. 


1-2 Survey Methods 

(1) Survey af dacumentatian 

As basic materials for preaceeding with this research study, we 
made a qeneral outline af the results af major research studies 
an the internationalization of F&D activities, and sarqanized the 
information with regard ta what has up ta now been clarified and 


what kind of subjects are remaining. 


(2) Analyses of statistical figures 


As basic tasks for revealing the international F&D structure, we 
made a database that covers about 100 series of indicators 











relating to R&D activities of the United States, West Germany, 
France, the United Kingdom, and Japan. 


In addition, as far as possible we supplemented NIES and ASEAN 
countries’ statistics and U.N. statistics with the major economic 
indicators and indicators relating to F&D activities of NIES and 
ASEAN countries, and conducted comparative analyses in cannection 
with the interrelationship of R&D activities among advanced 
countries--Japan, the United States, and Europe--and among 
developing countries--represented by ASEAN countries--and Japan, 
the United States, and Eurcpe. 


Furthermore, we conducted comparative analyses on the state of 
implementation of F&D activities overseas. 


(3) Statistical searches using databases 


In connection with the numbers of research paper announcements, 
for which in R&D-related statistics too there is not enough data, 
we used major biblicgraphic databases to conduct statistical 
searches and then analyzed the trends in each country. With 
Japan, the United States, West Germany, France, and the United 
Kingdom as the countries whose data we searched, we conducted 
camparative analyses that centered on changes in the main beady of 
R&D in each country with respect ta the major leading-edge S&T 
fields: 1) computer science, 2) the life sciences, and 3S) super- 
conducting materials. 


(4) Investigqaticans invelving overseas hearings 


As a case study of European F&D activities in a leading-edge S&T 
damain, we listened ta the ideas of and coallected data fram 
public and private sector research orqanizations of countries 
such as France, West Germany, and Spain, for the purpose of 
getting a grasp on F&D trends in the field of aerospace. 


Alse, in erder te understand F&D trends in ASEAN countries, we 
canducted investigations that involved listening ta the ideas of 
S&T-related gqavernment arqganizatians of Thailand and Indonesia, 
as representative examples. 











1-3 Organization of the Research Study 


In carrying out this research study, we organized a research 
committee. Its members are given below. 


Research Committee 





Chairman Yujiro Hayashi Vice-director of the Future 
Engineering Research Institute 
(an incorporated foundation)? 


Members Masaru Sata Professor at the Economics 
Department of Chuo University 


Zenichirea Nagara Director of the Institute for Physical 
and Chemical Research (RIKEN) 





Akia Makijima Professor, Engineering Department 
af Tokyo University 


Satoshi Goto Deputy-chief manager af NEC’s C&C 
Information Research Institute 


Hiroshige Sata Assistant professor, Business Admini- 
stration Dept. of Hosei University 


Moriiku Kunineri Chief researcher, Bank of Japan’s 
Plant and Equipment Investments 
Research Institute 


Yoichi Ite Deputy of research at the 
Research Development Corporation 
of Japan’s General Affairs 
Division, Policy Fesearch Office 


Makiyuki Yokoyama Fesearcher at the Society of S&T 
and Econemics (a corporatian) 


Future Engineering Research Institut? 





Tashia Nishizawa Chief researcher (research supervisear) 
Takanori Maema Fesearcher 
Akinari Nagata Researcher 
Takashi Kikuda Fesearcher 
Yumike Aibara Researcher 





2 Summary of Findings 





2-1 International Comparison of R&D Strength 
(1) Viewpoint towards the analysis 


In this research study, analysis of the international structure 
of F&D invelved taking a global, bird’s-eye view af F&D strength 
and examining the changes in the mutual relationships among 
gecgraphic or national growth processes and the primary factars 
for the growth and fluctuation of that F&D strength. Then, 
defining F&D strength as the power to bring forth scientific 
knowledge and technology, we subdivided and set up the following 
viewpoints for assessing F&D strength: 


(a) Felative supericrity of the level of R&D strength 
(b>) Basic potential strength for F&D 


We established the group af indicators in Table 1 along the lines 


of these viewpoints. 


Table 1. Views of international comparative 
analyses of R&D strength 





Standpoint of Character oaf Sub-division Items of 
comparative assessment af assessment assessment 
assessment indicator indicator indicator 
CA) Intellectual Theses, 
Felative R&D results preductivity patents 
superiority of gr sup 

R&D strenath Materialistic GNF, 
standards preaductivity manufactured 


preducts and 
high-tech trade, 
techneloagy trade, 
direct invest- 
ments overseas 


(B) 

Basic potential F'®D F2’&D resources F&D funds, 

strength investments F&D personnel 

for F&D group FPesearch Palicies, 
support mrqanizations 
enviranment and systems, 


saziety’s 
lifestyle base, 
educat ian 


‘Oo 











(2) Comparison of relative superiority of R&D strength standards 
af advanced cauntries 


When lacking at the changes over a 20-year interval in shares of 
mf industrial and high-tech product exports, Japan’s sudden 
increases stand aut against the stagnation of the U.S. and the 
Eurapean countries. It follows that Japan’s growth is remarkable, 
and the preacess af Japan’s development is seen in its F&D and 
preaducts and manufacturing technalagy. 


Lacking at F&D strength standards fram the trends in patent 
applications filed in foreign countries and patent applicatians 
filed by foreigners, Japan oautrivals the U.S. and Eurape in the 
increased percentage af bath the number of patent applicaticns 
filed in foreiqn countries and the number of applications filed 
by foreigners. While it may be gathered that Japan’s F&D strength 
is improving in terms of global standards, at the same time 
caompetitican amang Japan, the U.S., and Eurape in ecanamic and 
technolagy develapment activities is suggested. 


Although Japan halds less than a sne-tenth share af technalagy 
exparts in the five leading countries, that amount increased by 
aver tenfold in camparisean with 1970. Alsa, the deqree tea which 
Japan relies on technology imports has been steadily decreasing, 
indicating anather change that differentiates it fram the U.S. 
and Eurcpe. 


On the ather hand, fram yearly data on the number of research 
paper annauncements it can be seen that the F&D strength af 
European universities and oather such academies, which beast af a 
lang tradition, is waning; the strength of the U.S. is increasing 
and Japan is follewing clase behind. 


=: 


(3) Advanced countries’ base potential strength 


The relative diminishment of the U.S.’s position as the "world’s 
R&D center" can be read fram camparisans af research expenditures 
and research persannel. 


When camparing the shares af the numbers of Japanese and U.S. 
researchers, in a full-time trial canversian af the number of 
Japanese researchers, including these in the humanities and 
sazial sciences, the number «af researchers per millican population 
was nearly equal toa that af the U.S. 


Laaking at the research expenditures per researcher by 
myganizatican, the scale af expenditures for research 
marqganizations was characteristically large in Japan. Hecwever, 
research expenditures at universities in Japan were in cantrast 
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lawer than those in the U.S., West Germany, and France. This 
hints at structural problems in Japan’s domestic F&D. 


(4) Overall comparison of Japanese and U.S. F&D strength 


Fram coaomparisans of F&D strength, the relative diminishment caf 
the U.S. pasitian and the growth af Japan can be seen as the 
distinctive state of affairs. Japan’s change points ta an 
alteration that can also be said to be unique ameang the advanced 
countries of Japan, the U.S., and Eurcpe. 


When comparing GNF, patent applications in foreign countries, 
exparts af high-tech products, technology exports, research 
expenditures, and research personnel in terms of per-millicn- 
paopulaticon-scale percentages, the strengths af Japan and the U.S. 
with respect ta GNF and patent applications in foreign countries 
have very recently became nearly the same level; in research 
expenditures and research personnel, they have nearly the same 
base potential strength (Figure 1). Japan’s trade in high-tech 
products is much greater than that of the U.S. On the ather hand, 
the U.S. surpasses Japan by far in technolagy trade. 


This suggests the existence of structural problems that affect 
the magnitude af the past and present timewise accumulatian anc 
flow. 
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Figure 1. Japan-U.S. Per-Million-Population-Scale Comparisons 

















GNP 
200 
150 — Japan 
eo? U.S. 
ow wat! 00 . . 
Exports of 27 hs£{S. Patent applications 
high-tech products - in foreign countries 
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| 
| 
ON 
{7 
Technol ogy Research 
exports expenditures 
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* U.S. indexed as 100 
* Patent applications in foreign countries includes 
numbers from Ecanamic Policy Committee 


* Both research expenditures and research personnel are 
manly for the natural sciences in Japan; includes the 
humanities and secial sciences in the U.S. 

* High-tech praducts depend an OECD definiticans 
Data: Japan Monthly Fepart of Population Statistics from 

the Management and Coaardinatian Agency; 
Annual Fepart af National Economic Figures 
fram the Ecanamic Planning Agency; Fatent 
Office Annual Fepoart; S&T Fesearch Survey 
fram the Management and Coasardinatian Agency; 
Manthly Fepert af International Fevenues and 
Expenditures Statistics fram the Bank of 
Japan; "Science and Engineering Indicators - 
1598'3" 

U.S. Warld Papulaticon Yearbook fram the United 
Naticns; Fatent Office Annual Fepert; NSF 
statistics; "International Financial 
Statistics" af the IMF; "Survey of Current 
Business" fram the DOC; "Science and 
Engineering Indicatears - 1589" 
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2-2 Growth Processes and Interrelationships of R&D Powers 
(1) International relationship model 


We hypothesized a madel similar to Figure 2 ta shaw the interna- 
tionally competitive and cooperative relationships of F&D powers. 


That is, Country A is a leading cauntry type that independently 
implemented a series of F&D processes and holds a pesitican as an 
R&D leader. The Country B type depends on technaloqy transfer 
from primarily Country A for its basic technoleagy and concen- 
trates its efforts an the develapment of applied technoaleagy. Then 
in this precess it improves the driving force of its basic 
research and technology. The Country © type depends an technalmagy 
transfer from both Countries A and B for its applied technology 
and its development as well, and is warking tawards farming the 
foundation of its technological development strength. 


Figure 2. Structure of International Competition and Cooperation 
in R&D Activities 


Country A Country B Country C 





Cooperative relationship axis 
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Economically, there 1s a competitive relaticanship among these 
types of countries, and, when the situation is such that F&D 
results become international public preaperty, the possibility of 
implementing joint research on up ta joint development is nat 
excluded. 


This kind of international relationship model is strictly a 
hypothetical model. However, supposing that, for example, Country 
A is the U.S., Country B is Japan, and Country & is Karea 
(Thailand), it can prebably be presented as the framework far a 
relatively effective explanatory summary. 


(2) U.S. tracks 


Fram the aspect of government policy, the development of U.S. F&D 
strenqth passes threugh three transiticnal pericads. The first 
pericd af transition was when, in the midst af an intensifying 
cold war relaticnship with the Seviet Union after Warld War II, 
the Saviet Union was the first ta launch a satellite. The secand 
policy transition arase fram the impravements made in "big 
Science" by enormous investments af funds. The third transiticn 
is thought ta have started during the Carter administratian, 
which again shifted towards strenqthening gavernment suppart of 
R&D activities. 


The effects of the U.S. policy transiticns an the overall level 
of F&D activities 15 obvious in the F&D expenditures as a 
percentage of GNF that are shown in Figure 3S. Until about the end 
mf the 15960’s, the percentage of GNF that went far research was 
at a high level, about £.8%, but during the 1370’s it shews a 
cansistent dawnward trend; during the 1980's, it 165 again rising 
considerably. Although the percentage dropped scamewhat after 
1586, it is still at a higher level than that of the late 1570’s. 


Figure 3. Changes in Growth Rates of U.S. Research Expenditures 
as a Percentage of GNP 
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As shown above, a striking feature is seen in the fact that 
government S&T palicies hald a great deal of weight in U.S. F&D 
activities. Locking at the participation af the U.S. gavernment 
in F&D activities, the federal gqeavernment’s percentage af the 
burden of tatal F&D expenditures was at about a 47% level in 
1584. Although the goavernment’s percentage af the burden is 
tending to decline aver the lang term, the 47% figure is still a 
high level in coamparisen with other advanced countries. 
Furthermore, with a level af 25% af these expenditures used 
within the federal government and the rest disbursed ta 
businesses, universities, research oarganizatians, and ather 
groups as subsidies, cammissicn fees, etc., it can be seen Raw 
the U.S. geavernment’s S&T policies fit ints a structure that 
bears the role af leadership in the U.S. Anather point about the 
structure of gavernment expenditures for F&D casts that shoauld be 
nated is that the government’s percentage «af the burden af basic 
research coasts is remarkably high. In particular, it is pointed 
out that aid through the U.S. Naticanal Science Foundation and the 
National Institute af Health has came ta play an impertant roale 
in the geovernment’s support fear basic research. 


The scientific knawledge and the technoalagy that is Braught ferth 
fram this aid is disseminated throughout the world as theses and 
patents, the exchange of scientists, etc., and it has came tea 
stimulate and activate the world’s F&D. 


On the ather hand, in understanding the qrawth preacess af F&D in 
the United States, an unfathomable point that gees aleang with the 
gavernment’s cantribution af F&D palicies is the multi-naticnal 
develapment in the private sector. Develapment af the U.S. multi- 
national private sectar and, through its averseas affiliates, the 
transfer of technolcgqy fram the United States played tremendaus 
rales in past-Werld-War-II recavery and in the industrial rebirth 
and techneleagical develapment af Europe and then Japan. 


(3) Japan’s growth preacess 


Japan’s post-war technoaleaqy impearts are distinguished by the fact 
that they were clasely tied in with investments in plants and 
equipment far the heavy and chemical industries. Then, brisk 
technalagy imports that were linked ta the changes in these 
industries’ structures served toa adjust the conditicons for 
independent F&D activities in the next period. 


After the first half af the 1960’s the se-called first laboratary 
establishment boom accurred in businesses, the objective af which 
was ta imprave the efficiency af preparations for an independent 
F&D base and the functions of F&D. 








In addition tao R&D in the heavy and chemical industry fields, 
large-scale atomic energy and space projects were started during 
this periad. 


Next, after the Oil Shecks, there was a shift in Japan’s 
industrial structure away from mostly heavy and chemical 
industries to precessing and assembly types of industries; it 
alse affected the by-type-eaf-industry structure af disbursements 
for R&D casts. During the second half of the 1970’s R&D casts far 
industries representative of the electreanic field, e.qg., 
communications, electreanic and electric meters, etc., grew 
precipitcausly high. 


This was a time when Japan’s technology exports to primarily 
develaping countries rose rapidly; it was when Japan beqan ta 
compete with the advanced countries af the U.S. and Eurcpe in F&D 
activities. In such a setting, businesses pramated 
internaticonalized and creative F&D activities and the leadership 
Qualities of the private sector in F&D activities were remarkably 
demonstrated. 


These leadership qualities af the private sector are an extremely 
Qreat characteristic af the growth af Japan’s F&D strenath. 


(4) Kkorea’s grawth process 


un the acther nand, Kkorea’s S&T policies during the 13960’s relied 
my AUVAIICeU Cee tes Tor CecAneslougy, pruducticn Tacilltvies, anu 
plant engineering; they pushed efficiently for produc. expr ts 
ANU import suustitucians. Inese policies enanbieGc rapid orcowtn ini 
the preguccian and export af Lavorr-intensive, Lignht-industriai 
Prwdueuse Hiterwards, in order toa acnieve a high degree af 
technalagy greawth, Karea cantinued ta expand its plant 
engineering capacity and its metal-pracessing-machinery industry; 
Gradually it strove ta switch aver fram imparting preductian 
equipment toa imparting technalagy; in 1966 its technology imports 
increased dramatically due ta the narmalizatian af its 
relatianship with Japan. 


At the onset af the 1970's Korea strove for 100% technical self- 
reliance in the light industry sectar and at the same time worked 
tawards the develapment af its heavy and chemical industries. 
During the 193970’'s the gavernment actively proamated the educaticn 
and training af research personnel and the formation of an F&D 
base; as shown in Figure 4, the burden of F&D casts barn by the 
gavernment accounted for as much as 70%. After this running 
start--resulting fram the feormatian af an F&ZD base that was due 
ta the evaluticon af gavernment policies--private sector 
activities expanded in a single stroke at the start af thhe 
1980's. 
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Figure 4. Distribution of R&D Expense Defrayments By Source 
in Korea (%Z) 
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Data: "Korea S&T Yearbook" 13587 


With the 1984 liberalizatian af technaleagy imports as a turning 
point, Korea’s R&D activities alsa enlivened. As shawn in Fiqure 
3, the percentage af GNF that went towards research rase rapidly 
after the start af the 1980's. 


Figure 5S Change in Korea’s ‘'atio of Research Expenditures to GNP 
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Data: "Korea Science and Technalagqy Yearbook" 1'9:37 
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The increase in Korea’s F&D expenditures, as shawn in Fiqure 4 as 
well, is due in large part to private sector defrayments. During 
the 1970’s the percentage of the costs born by the private sector 
was at a level of SO-SS%, but in 1981 it rose toa about 60% and 
then in 1986 to 80%. 


(5S) Thailand at present 


In Thailand a national socic-ecaoncamic development program was 
implemented in S-year units starting in 1962, but the importance 
of S&T policies was recognized when the fourth program started in 
15977. In the fifth and sixth programs after that, S&T utilization 
and development was for the first time held up as an official 
ebjective and the importance of S&T was definitely established. 


Confronting the objectives of national development, the fifth 
pregram (1982-1986) emphasized the importance of strengthening 
S&T arganizations, upgrading the qualities of R&D personnel, 
prometing R&D activities, and so forth; as shewn in Figure 6, the 
S&T-related naticanal budget increased. Also, the sixth program 
(1987-1991) cantinues ta find selutions toa sacial and ecaneamic 
preblem points that could not be adequately dealt with in on- 
going programs up te that point, and its main objective is toa 
mave ahead with further national development. 


Figure 6. Thailand’s S&T-Related National Budget 
(100 million bahts) 
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Data: Thailand Science and Technaleagqy Indicators 13987 


Technology imports from overseas generally hold a qreat deal of 
weight in develaping ccuntries, and Thailand is na exception. 
Thailand’s technalegy imports have been rapidly expanding since 
1980; in 1985 they reached a level of 2.1 billion bahts. At 
present the Thai government is frantically pushing forward with 
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policies aimed at making technology imports more positive, 
absorbing these imports then forming its own technology base, and 
increasing its F&D strength. 


Nevertheless, even if the government’s policy-type leadership 
cantinues ta facilitate the growth of the private sector, as 
shown in Figures 7 and 8, a structure can be seen that resembles 
a dilemma in which contributions for R&D from the private sector 
are still anly very small. 


Histerically, strong policy initiatives are always shown whenever 
a nation strives to nurture industries and build an S&T base. 
This was the case with both Japan and Korea. Thailand’s situatian 
certainly symbealizes this. 


Figure 7. Distribution of R&D Expense Defrayments By Source 
in Thailand (1986) 
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# Total amount: 3.1450 billion bahts 
Data: Thailand Science and Technology Indicators 1987 


Figure 8. R&D Expenditures By Main Research Bodies (1986) 
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# Thailand's total agount: 3.1450 billion bahts, 
Korea’s total amount: 1.5232 trillion won 


Data: Thailand Science and Technology Indicators 1987, Korea Science and Technology Yearbook 1987 
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2-3 R&D Interrelationships 
(1) Changes seen in computer science 


Figure 9 shoaws the changes in the numbers af research papers 
generated in the field of computer science in the five advanced 
countries. That the U.S. is proud of the overwhelming scale in 
the number of its papers in camparison with ather countries is 
evident. The shares of papers held worldwide suggests that over a 
ten-year period the U.S. and West German shares declined and that 
these af the Japanese, British and French increased, but the 
United States still leads in computer science F&D. 


Figure 9. Changes in Number of Papers in Computer Science 


Units 1000 papers 
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From the trends in the number of computer science papers, it is 
gathered that the active P&D stroangpoints are still concentrated 
in the U.S., and that, in connection with each country’s F&D 
sector, the relative impertance of main F&D badies in the U.S. 
and in Europe is maving aver ta universities and public research 
arganizaticns, whereas in Japan there is a visible tendency toa 
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Qive businesses higher priority. From this some of the 
differences in F&D systems and structures can be understood. 


The state of affairs in Japan can alsa be qrasped from the trends 
in patents in the field of camputer science. The number of 
Japan’s patent applications in computer science has been steadily 
increasing since 1983 and is doubling over a five-year period; 
lately the percentage af patents applied for by foreigners is 
declining in weight from year toc year. 


Meanwhile, the number of U.S. patent registratians is almast 

doubling in the ten years between 193978 and 1986. And, Japan’s 
share of the foreign registrants is suddenly increasing--the 

changes in the structure of patent registrants in the U.S. is 
entirely due ta the strong effects af Japanese trends. 


As an extremely macro characteristic suqgested by the patent 
trends mentioned above, can we nat say that Japan is cantinuing 
to intensify its RP&D activities and is continuing to grow as a 
strongpoint for industrial technology F&D in the field of 
computers? In the field of computer science, the U.S. has 
historically been proud of its averwhelming predominance; in bath 
basic computer science research and applied research, U.S. RP&D 
strength is very powerful and it has been the leader af the 
world’s development. Furthermore, the support of the U.S. 
government plays a great role in this development af computer 
science, and the acceleration of this technological development 
by U.S. firms is remarkable. Through the large numbers cf 
research paper announcements and the release of patents relating 
ta computer science, the U.S. leadership stimulates and activates 
the world’s FP&D. This leadership is also apparent in market 
develapment by U.S. firms. However, that power is relativley 
declining; another way of putting it is that F&D centers are 
ceantinuing ta scatter aver ta Japan. AN impertant factor in that 
is the technological develapment strength of Japanese firms. 


In Eurepe, tao, as a result of government aid ta Eurapean firms, 
which started with the Siemens Company af West Germany, and due 
ta strong measures invelving joint European projects, business- 
ariented computer science is evelving as a subject centered oan 
the cammercialization af mare realistic systems. As firms’ 
commercial development af camputer science progresses, fortholds 
far expanding basic research are emerging in Japan and Eureape. 


However, the U.S. has became wary about the this develapment in 
Japan and Eursape lest it actually becemes a cause for 
competitian. U.S. measures for intensified protection of 
intellectual property rights are emphatically pushed fram this 
kind of background; the strong demands of the U.S. for pragram 
pretectian based an capyrights and fer protection af corporate 
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secrets--that go as far as requiring governmental compliance-- 
have been thrust in the face of Japan and Europe. With Japan and 
Europe faithfully complying with the U.S. demands, we are heading 
towards the formation of new international cooperation. 


(2) Changes seen in the life sciences 


From Figure 10, which shows the transition in the numbers of 
papers in the field of life sciences, it is clear that the United 
States cutrivals other countries. Especially for three years 
around 19793, the United States announced about five times as many 
papers as other countries. 


Figure 10. Changes in Number of Papers in the Life Sciences 


Unit: 1000 papers 
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Note: Refer to #1 about data sources 


Although the life sciences encompass varicus fields such as 
bicalagy, medicine, and agriculture, the rapid rise in the number 
of papers shown in Figure 10 points ta expanding research in 
biatechnealegqy-related fields, starting with genetic operations 
and cellular fusion. 
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At first the U.S. was at the center of F&D in the field of 
biotechnology. Then from the early 19370’s there was a series of 
brilliant discoveries, e.g., genetic recombination was realized 
in 1373, and in 19378 the free use of recambinant DNA enabled 
insulin to be produced from Escherichia coli. Since the early 
1980’s recombinant DNA technology has been industrially utilized 
Primarily in the fields of medicine and pharmaceuticals. 


Next, Table 2 shows the changes in each country’s share of the 
total number of papers published in 19379 and in 1989. 


In this ten-year period the shares of the four other countries 
besides Japan declined. The total number of papers from the five 
countries accounted for 58.8% of the world total in 19373, but in 
1989 it dropped to 32.3%, only one-third af the world’s life 
sciences papers. This indicates that research in the life 
sciences is not limited ta the major advanced countries but is 
widely distributed throughout the countries af the world. 


Table 2 Change in the Shares of the Numbers of Papers 


Japan U.S. U.K. W. Germany France 
1979 5.56 34.86 6.69 4.81 6.84 
1989 6.41 12.05 4.10 3.48 6.30 


# Sage data source as Figure 9 


The astounding number of announcements of U.S. papers in 19379 
clearly indicates a cancentration towards an S&T field that was 
in a period of genesis and an appearance of excellent research 
results being brought forth. 


It can be said that the building of a foundation in the field of 
biotechnelogqy, as a powerful step in S&T, was due ta strength af 
the U.S. at this time. Later, as if the tide were pulling cut, 
the successive dimunition af the number of U.S. papers can alsa 
be considered as a good symbolization of the U.S. 


Changes in shares of the number of papers according ta sector 
shows that most af the papers generated in each country were fram 
universities and other arganizatians (mainly public research 
organizations). 


A survey of Japanese and U.S. trends in bistechnology-related 
patents shows that in Japan applications related toa recombinant 
DNA and cellular fusion have been rapidly increasing since 193793, 
but what stands cut is the fact that an extremely large number af 
thease applications were submitted by foreigners. 
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The sverall trends in Japan’s patent applicaticns are 
characterized by a very lew percentage, in comparison with other 
mcountries, of applicaticans submitted by foreigners, but in the 
field af bistechnology this percentage is about the same as that 
of the U.S. and Eursape, suqgesting a state of affairs where Japan 
is placed ina fiercely competitive relationship. 


Lasking at the by-secter distributicon af bath Japan’s and the 
U.S.’S own patent applicants, universities and non-profit 
organizatians submitted mast af the bisatechnalagy patent 
applications during 1980 in beth countries, but in 19388 the 
mainstream shifted ta patent applications submitted by 
businesses. 


Nevertheless, although the U.S. is the leader in bisatechnelagy 
Japan’s and Eureape’s timelags in their evolution af F&D is shart. 
With respect ta basic research and applications, as well, the 
current state of affairs is such that the advanced cauntries are 
making Simultanecus progress. 


Caaperatian between the private sectcar and universities alsa 
plays an important role in bistechnoalagy. Moresver, through U.S. 
bio-venture activities that canperaticon is accelerating the 
activation of worldwide F&D. 


(3) Changes seen in the field af supercanducting materials 


The emergence of high-temperature oaxide superconductears was not 
very dramatic. Fram supercanducting theary ta applicaticans as 
materials, the only impact it had was to swing existing knowledge 
and hypxatheses away fram their basis. This is clearly seen in the 
change in the numbers af papers aon supercanducting materials 
shawn in Figure 11. 


; 


As far the sudden changes since the end «of 13586, it is clearly 
evident that the situation with the numbers of papers about 
superconducting alloys up until then had been drastically 
zhanged. 


Lacking at the details of the early stages af supercanducting 
materials F&D, the periad between the end af 15386 and 1987 was 
the first period af high-temperature superconducting axides, 
which cansist of rare earth axides such as lanthanum and yttrium 
maxides. January 19388, when Bi-Sr-Ca-Cu-cxide superconductors were 
annaunced, indicated the start af the secand period. Since 1'986 
the numbers af announcements af papers about these supercan- 
ducting axides has increased dramatically; furthermore, it points 
ta the evaelution of cancurrent global research led by Japan and 
the U.S. Figure 11 brings these great changes ta the surface as 
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well as the structure of the simultaneity of Japanese and U.S. 
promatian of superconductor research. 


Figure 11. Changes in Numbers of Papers in the Field of 
Superconductors 


Unit: 1000 papers 
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Note: Refer to #1 about data sources 


Changes in the shares of research papers in 19387 and in 19389 are 
shawn in Table 3S. That Japan and the United States hald the 
largest shares suggests that they are the world’s centers far 
research in superconducting materials. 


Table 3 Changes in Shares of Numbers of Papers on Superconductors 


Japan U.S. U.E. W. Germany France 
1987 41.56 40.5 4.2 8.1 6.2 
1589 32.8 46.0 4.8 9.3 7.1 


# Sage data source as Figure 1! 
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Looking at the numbers of research paper announcements by sectear 
in bath Japan and the U.S., universities and national research 
organizations announced mast af the papers in both countries, 
followed by industry, where F&D is rapidly evalving. 


Putting together the trends in recent years results in the 
following: 


1) Commean in beth universities and industry, Japan and the U.S. 
shaw a dramatic increase in the numbers cf research papers. 
It suqgests the co-existence of fierce campetitican and 
coamperatian. 

2) Japan shows a tendency for a more dramatic increase in the 
number af papers than the U.S. This suggests that Japan 
tackles R&D early and with a high degree of centralization. 

3) Fir Japan the number af papers generated by industry has 
tended ta increase since 19387, but in the U.S. the situatian 
is declining far industry as well as universities. 


These are to point cut the difference in trends in 
cannectian with the way Japan and the U.S. are dealing with 
research and the anneuncements cf results fram that 
research. 


As for supercanducting materials that are said ta symbolize new 
materials, the leading roles of Japan and the U.S. are clearly 
seen in the area af patents; their relative positions as the 
world’s research centers is apparent. 


Changes during the early stages, when yttrium superconductors 
emerged, far example, shaw an amazingly dramatic increase in the 
number af patent applications. Furthermere, what should be nated 
is that in March 1987, 1i1.@e., a few manths after supercanducting 
axides were anncunced at the end «af 1986, preductican methads were 
the subject af SO% af all patent applicatians; if applicatians 
are alsa included, actually 85% af the patent applications had toa 
da with preductian and applicatian techniques. Here it is 
strikingly evident that Japan’s industries are cancentrating 
their energy towards the development af supercanducting materials 
for practical use. 


Japanese businesses jump in quickly, they apply for patents that 
are cantent-wise replete, and there are many businesses. As far 
the U.S., lacking anly at patent trends, the overall vitality of 
its industries is poor, and we can anly expect it ta laq behind 
Japan in future technelegical development. 


In the field af superceanducting materials, Japan and the U.S. 
lead the world in F&D, and there is na timelagqg between the two. 
It is clear that F&D is preagressing cancurrently. Furthermore, in 
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this concurrent progress, researchers’ freely-chasen 
international cooperation is continually emerging at the academic 
basic-research level. It is a remarkable situation. 


On the other hand, there is a difference between Japanese and 
U.S. industries with respect to research papers and patents. The 
centralized approach of Japanese industry contrasts with the law 
vitality of U.S. industry. 


2-4 Subjects for the future 


As can be seen in superceanductor R&D, the advance of concurrent 
R&D throughout the world is being brought ferth and the dispersal 
af international centers for F&D is being made t=: happen. This 
pregress in concurrent R&D suggests the fermation af a new 
framework of independent internaticanal caoperatican amang 
researchers and businesses. 


In areas such as computer science and aerospace, tana, where the 
foundation of knawledge and technology fram the past has great 
Significance, the farmatian af a new framework af internatianal 
comperatian--starting witit jJoinv researcn preajects by tne 
develaped countries of Japan, the U.S., and Eurcnpe--1s becoming a 
Necessity. 


ihese are alse theugqght te tne develaped countries’ asking the 
world ta take on a new role, a world that includes the develaping 
countries of Asia, in paritcular, Eastern Eurape, and the 
Cammunist black countries. 


Nevertheless, the analysis of international structures should not 
be limited ta the developed ccuntries. This survey also selects 
and examines the Asian NIES, Korea, the ASEAN coauntries, 
Thailand, and Indeanesia. However, the basic usable materials fir 
these countries is limited. 


Basic worldwide data is also toa meager. 


Hoping for perfection of the callectian and accumulation of basic 
statistical data aon a worldwide scale, this callectian and 
accumulation is indispensable in Japan’s future international 
pasitian and rele. 


The follawing new subjects that should be investigated in the 
future are indicated by this research study: 


1. There is a need ta establish a system af indicators that 


would enable comparisans af F&D strength, i.@., the poawer to 
bring forth scientific knawledge and technelagqy, in the 
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relationships among countries whose population, history, 
etc., are different. 

As for Europe’s situation in international relationships, 
there is a need t= investigate what kinds of 
structuralization, in the farm of historical requlatory 
characteristics, are possible. 

Although we could nat carry it aut in this research study, 
we should probably investigate haw Japanese researchers, 
technicians, and the main R&D bodies of businesses and 
research institutes are cantinuing ta cape with new 
knowledge creatian, and along what lines is that subject 
fallawing. 
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II. Content of Research Study Results 
Chapter 1. International Comparison of R&D Strength 


Internaticnal camparisans af ecanamic or military strength, which 
have been attempted since lang age by the world’s research 
arganizatians, gqavernmental arganizatians, and universities, 
pravide several impertant points af view for comprehending 
internaticanal relationships. But for S&T, the first attempt tx 
campare R&D strength--as the power te bring forth new scientific 
knowledge and technoalagy--was anly begun during the middle af the 


1960’s after the secand world war. These camparative analyses 
started to get pecple’s attention in the 1980’s when the vast 
politicoa-ecanamic strength af the U.S. began a relative decline. 


As the first step in the analysis of the structure of 
international F&D, this chapter attempts tc make a relative 
ramparisan af F&D strength, facusing an the U.S., Eurape 
(particularly the U.F., France, and West Germany?) and Japan, 
ecuntries about which it is na exaggeration ta say that they lead 
the world in S&T and that they farm the global base for S&T. This 
chapter alsa focuses on the NIES (particularly Fearea), which have 
suddenly qained power, and an Thailand, as a major ASEAN country, 
and gives a qeneral outline af the situations in these countries. 


1-1 Viewpoints towards the analysis 


With regard ta international campariseans af F&D strength, in 
recent years investigaticans af technaloagy balance and 
technalagical campetitive strength af the free-ecanamy sphere is 
being pramated in the case af OECD countries. Meanwhile, the 


development af indicators for assessing F&D strength is alsa 
being promated. Althaugh these kinds af activities are nat 
necessarily coacordinatable, they are an extremely important step 
in understanding the state of affairs af internaticnal 
campetition and canperatian that 1s geared towards the 1st 
century and in investigating measures for coping with the future. 


This research study, tana, is an attempt at an internatianal 
camparisan af F&D strength based an these varicus situations; it 
examines F&D strength fram the foalleawing kinds af analytical 
standpoints. 


That is, first we defined F&D strength as follows: 


"the power ta bring forth new scientific knowledge and 
technalagy" 


Then, aleng the lines af this definition, we differentiated the 
following twa standpoints for assessing F&D strength: 
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(a) Comparing the relative superiority of the levels of F&D 
strength 

(b) Camparing the basic petential strength for R&D 

(ad, has the character of 


has the character of the 


indicator, the farmer, 
the latter, (b) 


As an assessment 
the R&D results group; 








F&2D investments group. 


We arranged the individual 
but there may be athers; 
there are alse various discussisons in the 
Hawever, 


Table 1-1-1, 


them in this table, 


definition and substance af these indicators. 
in mast general terms, the table shows anly those indicators far 
which camparative manipulatian is cammanly recagqnized. 


Table i-1-1 


R&D Strength 


Standpoaint of 
camparative 
assessment 


Eharacter of 
assessment 
indicatear 


Sub-divisian 
af assessment 
indicatear 


indicators that we could think of in 
and althcugh we 


indicated 


theaught af 


Viewpoints of International Comparative Analyses of 


Items of 
assessment 
indicatar 





CA) 

Felative 
superiority cof 
F&D strength 
standards 


(BR) 

Basic petential 
strength 

far F&D 


An impeartant 

even if there 
indicaters, 
the 


F&D results 
group 


F'%.D 
investments 
qr mup 


analytical viewpoint 

is debate about the pertinency af the 
is a problem 
of the F&D 


camparing F&D strength 
indicators of the F&D results 


Intellectual 
praductivity 


Materialistic 
praductivity 


F&@’D resources 


research 
support 
enviranment 


in this researih 


group and 
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and systems, 
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investments group. Sa we attempted the analyses in conformity 
with the sub-divisions (a) and (b) above. As for the individual 
indicators, we mentioned them wherever possible in each analysis. 


This research study primarily attempts toa campare F&D strength in 
the free world. The U.S., Eurape (particularly the U.E., France, 
and West Germany) and Japan are the main subjects. As comparisans 
with these developed countries, this study tries to get a grasp 
an the state of affairs in the NIES and ASEAN countries. 


With reqard ta these kinds af analyses, we must clarify the 
following points as issues related ta the basic standpoint of 
this research study. 


(1) Present, past, and future 


Analyzing the growth processes of the surveyed countries is 
essential in the comparison af F&D strength, but the analyses of 
this chapter anly mention growth preacesses from a macro 
standpoint. The next chapter attempts ta analyze those grawth 
pracesses, 1.e., the global reasons pointing to the past, 
present, and future steps. 


(2) About the levels af F&D strength 


Qualitative discussions about whether oar neat the creaticn of 


innavative technealagy sccurs and about technoalegical levels often 
became a problem in international comparisons. Because any 
assessment of such levels is a relative comparison, appropriate 


indicatears have nat necessarily been available thus far. 


This chapter gives a grasp of the levels of F&D strength, which 
cantinue ta remain as future tapics, in the form of relative 
camparisoans that are as quantitative as possible. 


(CS) About the interrelatianship of the results group indicators 


This research study uses the indicators of the F&D results group 
ta analyze the relative supericrity af levels of F&D strength. 
Although circumstantial ecanamic and gqavernmental factors must be 
included in the individual indicators, these indicators can he 
generally thought of as sub-divided inte "power to praduce 
knawledqe" and "pawer ta preaduce materials," as shown in Table 1- 
1-1. Then, their interrelationships can be shawn in terms af 
their characteristics, as in Fiqure 1-1-1, while their temper al 
characteristics are cantinually taken inte account. 


It 15 prebably safe ta cay the levele of F&D strenath are 
examined in terms of all af these indicators. 
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Figure 1-1-1 Interrelationships Among Indicators of Results Group 
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1-2 Relative Superiority of Developed Countries’ Levels of R&D 
Strength 


1-2-1 Gross National Product 


In comparing the relative superiority af the major developed 
countries’ levels of F&D strength, we lack at the changes in the 
major countries’ GNF shares, which are theught ta indicate the 


ecanamic side of F&D strength throughout saciety while alsa 
serving as an econemic base tea support future F&D. Figure 1-2-1 
shaws the changes every ten years in the GNF shares of Japan, the 
U.S., and Europe. 


In 1985 the U.S. GNF was about 58% of the total for Japan, the 
U.S., and Eurape; the figure shaws the remaining share split 
between Japan and Eurcpe. 


In the twenty years between 1965 and 1985, Japan’s share suddenly 
expanded; the shares af the U.S. and the three countries of 
Europe shewed a relative decline fear the amcaunt Japan’s grew. 
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Despite the expansion of Euroape’s GNF share until 1375, when the 
U.S. economy had considerably slowed down, by 1985 Eurcape’s share 
contracted significantly as a result of the U.S. recovery. Only 
Japan continued toa grow during this time and the uniqueness of 
its position relative ta the U.S. and Europe is distinctive. This 
peculiarity of Japan together with hew the 1992 unification of 
the EC, which is canfranted with dramatic changes in the Seviet 
Union and the Eastern Eurepean countries, will affect the 
distribution of GNF shares and what kind of develapment will that 
bring abeut in the F&D activities af Eurape and the U.S. are 
issues that will be watched closely in the future. 


Figure 1-2-1 Changes in the Shares of Gross National Product 


1965 1975 1985 
Europe Europe Europe 
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Data: Yearly Report of National Economic Figures, Economic Planning Agency 


1-2-2 Manufactured Goods and High-Tech Trade 


Here we will try ta compare the experts of manufactured goods, as 
an indirect indicator af F&D strength, and the exports af high- 
tech manufactured geaads, which are thoeught tea indirectly indicate 
R&D strength in leading-edge fields. Exports of manufactured 
goods mean experts af all kinds of industrial praducts, except 
for goods such as foodstuffs, raw materials, and mined fuels. 
Exparts of high-tech manufactured goods are exports of those 
industrial products that are separately classified as high-tech 


preduct experts accarding ta the U.S. Department af Cammerce’s 
definitions (DOC-3) (refer toa Exhibit 1), e.q., guided missiles, 
space rackets, cammunications equipment, sircrait, affice 


equipment, pharmaceuticals, etc. (Data since 1985 is based an 
OECD definitians.) 
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Figure 1-2-2 shows the changes every ten years since 1365 in the 
shares of industrial product exports fram Japan, the U.S., and 
Europe CU.K., France, and West Germany); similarly, Figure 1-2-3 
shaws the changes in the shares of high-tech preaduct experts. 


Locking at the changes in the shares of industrial product export 
volumes, the sharp decline of Euroape’s share, which is the sum af 
the exports from the U.E., France, and West Germany, and the 
dramatic increase in Japan’s share are remarkable. As far the 
U.S., its share dropped about SZ aver 20 years. Although that 


speed is insignificant in coamparison with that af Eurcape, a clase 
leaok at the relationship between Japan and the U.S. shows that a 
reversal in the shares is occurring--shares that differed by mare 


than twofold in 1965 were nearly the same in 1985. With respect 
ta experts of industrial preducts, Japan is oavertaking the U.S. 
and its pesition is undergoing a complete turnaround fram that of 
the 195960’s. Japan has interfered in the dominatican af the exparts 
market by the U.S. and Europe and it has came as far as having 
the greatest campetitive strength; we can probably say that it 
has established its international superiority. 


Figure 1-2-2 Changes in the Shares of Industrial Product Exports 
1965 1975 1985 


Japan (13.4%) Japan (18.9%) 











Europe (U.K., France = Europe (U.K., France # 
West Germany) (55.3%) 3 West Germany) (48.5%) & 


Europe (U.K., France, == 
West Germany) (57.72) 


Data: U.N. Monthly Bulletin of Statistics 


The ratio af Japanese, U.S., and Eureapean shares af high-tech 
preduct export volumes, which were 1: 4: 5S in 1965, changed to 
1s: 1: 1 in 1985; here, ten, the European decline and the 


Japanese expansion are naticeable (Figure 1-2-3). 


Loaaking at the change in the five countries af Japan, the U.S., 
and Eurape with respect ta the valumes af High-tech praduct 
exparts points ta suddenly increasing trends for each country 
since the latter half af the 1970's, as shawn in Fiqure 1-2-4. 
Also, different transiticens are evident for the two countries, 
Japan and the U.S., and the three ceuntries, the U.F., France, 
and West Germany. At the start af the 1980’s an increasing trend 
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cantinues for Japan and the U.S., in contrast to sluggish export 
volumes in the three Eurcpean countries. Although the drop in the 
three European countries’ share af high-tech product exports is 
primarily due to the declining campetitive strength af England 
and France, West Germany’s slump in the early 1980’s added 
further momentum ta that trend. The marked slump of the Eurcapean 
powers seen in the high-tech product market is evident here. The 
background behind the support based on projects such as the 
ESPRIT project of France’s President Mitterand can be seen. 


Figure 1-2-3 Changes in the Shares of High-Tech Product Exports 
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# High-tech product exports are based on the U.S. Departeent of Commerce's definitions (DOC-3) (1965 and 
1975) and OECD definitions (1985) 


Data: DOC and OECD data 


This situation is also clarified by Figure 1-2-5, which sheaws the 
growth af each country’s expert volumes using the 1565 high-tech 
praduct expert volumes as a criterion. The sluqgishness af the 
U.S. can alse be seen in Fiqure 1-2-5. In comparisen toa the U.S. 
and the three European countries, the growth of Japan’s exports 
is remarkable, and the turnabout in Japan’s position is extra- 
ardinary; this especially ceantrasts with the stagnation af the 
U.S. and the European countries after 1980. Far Japan the changes 
in the percentage af praduct exports accounted for by high-tech 
product exparts are alse very striking (Figures 1-2-6 and 1-2-7). 
In particular, we can surmise that since the latter half of the 
1970's a qreat change has been eccuring in the U.S.’s superisrity 
with respect ta Japan-U.S. trade in high-tech products (Figure 1- 
<-8). We can probably say that this idioasyncrasy of Japan--a 
trend that is also correspondingly evident in patents and 
technealagy trade, which we will discuss later--is an indirect 
manifestation of the development preacesses af Japan’s F&D and 
manufactured gacads/praductian technalagy. 


36 








Figure 1-2-4 Changes in High-Tech Product Export Volumes 


Unit: 1 Billiean Dellars 

















t High-tech product exports are based on the U.S. Departeent of Commerce’s (DOC-3) and OECD definitions 
Data: 1965 - 1984 data is DOC data, 1985 - 1986 froa the OECD data 


Figure 1-2-5 Changes in High-Tech Product Export Volumes 


Unit: 1000 1965 = 100 
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t High-tech product exports are based on the U.S. Department of Commerce's (DOC-3) and OECD definitions 
Data: 1965 - 1984 data is DOC data, 1985 - 1986 froe the OECD data 








Figure 1-2-6 Proportion of Manufactured Goods Exports Accounted 
For by High-Tech Products 
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Figure 1-2-7 Percentage of Manufactured Goods Exports Accounted 
For by High-Tech Products 


Units 4% 
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Data: U.N. Monthly Bulletin of Statistics 
1965 - 1984 data is DOC data, 1985 - 1986 from the OECD data 
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Figure 1-2-8 Japan-U.S. High-Tech Products Trade 
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t High-tech product exports are based on the U.S. Departaent of Comaerce’s (DOC-3) and OECD definitions 
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1-2-3 Patents 


Patent applications and registrations are largely divided inta 
these in the country itself and those in foreign countries, and 
these filed by foreigners. When dealing with patent Statistics as 
indicators of levels af F&D strength, the deuble nature of 
patents, that is, 


(1) knowledge in the form af R&D results, and 

(2) the competitive strength and superiority that go together 
with the exclusive possessian of the technelcagy fram the 
results af R&D 


must always be taken into account. Whether or not applications 
and registrations are screened is anather difference: 


Fatent applications filed in the country itself are thought ta be 
an indicator that expresses the power to bring forth inventions. 
In contrast, patent applications filed in foreign cmlntries are 
the same kind of indicator as well as being samething with which 
ane can probably grab a single indicator that shows the relative 
superiority of F&D strength that has reached worldwide standards. 
Below we will try to survey the patent trends af each country 
fram such a viewpoint. 


C1) Numbers af patent applications filed in foreign countries 


A lack at the numbers caf damestic patent applications of the five 
Major countries in 1987 shows: 341,095 applications for Japan; 
133,807 for the U.S.; 96,350 for West Germany; 74,327 forthe 
U.K. 3 and 60,412 for France. Japan had the mast, amounting to 
about 2.5 times that of the U.S.; the figures for the three 
Eurapean ccuntries are one digit smaller than those for Japan and 
the U.S. Furthermare, in the interval af a year Japan had £00,000 
applications fer utility models as well. 


As for the number af applications filed by natianals 1n the 
country itself, Japan had 311,006 applications, a number that 
stands aut as widely different than 68,671 in the U.S. and 40,66 
in West lermany. 


Feqarding the relaticnship between the number of applications 
filed in the country itself and the number af applicaticans filed 


in foreign countries, only Japan had more applicatians filed at 
home than it did abroad; all of the four other countries had mare 
applications filed in ather countries. Locking at the ratio of 


ho 











applications in foreign countries tao applications in the country 
itself: 


France 3.0 
West Germany 2.7 
U.@. 2 4 
U.kE. 2. 
Japan O.3 


Japan has the lowest; moarecver that ratic amang the majar 
developed cauntries is very unusual. 


Making an international camparisan af applications in the 
countries themselves is rather difficult. This is because it must 
take into consideration the unique structure af Japan’s F&D, 
specifically, that which involves patents. Nevertheless, we must 
pay attention to this idiasyncrasy. 


Patent applications in feareign countries can be thought of as 
indicating the degree ta which F&D strength has attained 
warldwide levels and the competitive strength therecf. Figure 1- 
2-9 shows the yearly changes in the numbers of applications filed 
in foreign countries; Figure 1-2-10, the growth in thase numbers 
based an figures from 13965 . What is unique about these figures 


Figure 1-2-9 Changes in the Numbers of Patent Applications Filed 
in Foreign Countries 


Unit: 1000 applicatians 





148- 














t Includes nuabers due to EPC applications 
Data: Yearly Report of the Patent Office, €PO Journal May 1986 
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is that a designated ceauntry for applications based on the EFC 

(Eurapean Fatent Caonventian) is camputed as ane country. These 

kinds af statistics have never been seen until now. POT (Fatent 
Coacperaticn Treaty) applications were nat included here because 
the scale of the tatal number of applications is very small. 


As for the number of applicaticans filed in foreign cauntries far 
Japan’s patents during the past 20 years, it was greater than 
that of the U.K. and France in the first half af the 13970’s and 
thereafter has been clasing in an secand-place West Germany. In 
1987 Japan filed about half as many applicatians in foreign 
countries as did the U.S. and about three-fourths as many as West 
Germany did. Althecugh the growth rates for the four other 
cauntries besides Japan varied samewhat, it is safe ta say that 
there was nea great fluctuation. However, anly Japan shows a 
remarkable increase in the number of applicaticons--cver a period 
af 20 years the number af its patent applicaticans in foreign 
countries rase by a factor of eight. It is a very dramatic 
change. 


Figure 1-2-10 Changes in the Numbers of Patent Applications Filed 
in Foreign Countries 


1965 = 100 

















— Japan ‘**:: U.S. * + * West Germany ~— U.K. -- France 


t Includes nuabers due to EPC applications 
Data: Yearly Report of the Patent Office, EPO Journal May 1986 
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Japan’s FP&D strength, which can be seen in the number af patent 
applications filed in foreign ccuntries, is rapidly expanding; we 
can probably say that it is naw next to that of the U.S. and West 
Germany. 


Nevertheless, this great change of Japan’s, as seen in Figure 1- 
2-10, certainly suggests 


12» the pawer of Japan’s R&D strength toa develop at global 
levels and the increase af that power, and 

2) Japan’s increasingly stronger campetitive power in the 
future 


as well. The relative changes in the number of applications filed 
in foreign ccuntries for the U.S. and Europe are very similar, 
and the gradual increase af those numbers is probably attracting 
attentian, toc. U.S. and European rivalry in ecancamic power and 
in R&D strength is alsa theught ta be suggested here. 


(2) Patents applications arid registrations by foreigners 


Figures 1-2-11 and 1-22-12 shew the changes in patent foreigner 
ratics in Japan and the U.S., respectively. Here "fareiqner 


ratic" expresses the percentage that applications (registrations) 
by foreigners account for in the teatal number of applicatians 
Cregistratians), which is a sum af the number of applicaticans . 
C(registratians) by natianals in their awn country and the number 


af applications (registrations) by foreigners. 


According toa these figures, Japan is in a trend where the 
foreiqner ratias af both patent applications and registratians 
are declining. On the ather hand, in the U.S. the tendency fr 
that ratic to increase is clearly evident. 


When leaking at the relationships among Japan, the U.S., and 
Eurape in terms af the relative superiority of F&D strength, 
changes in the ratia af foreigners that hoald patent rights, as an 
indicator af the country’s damestic superiority, glaringly point 
mut the changes in the country’s relative sSupericrity. 


The foreigner ratic in the U.S. increased from about 20% ta about 
20% during the 1960’s; lately it reached the point where patents 
filed by Japanese account for the largest share. The increase in 
the share af applications that are fram Japan is astounding. As 
shown in Figure 1-2-135, in the changes cover the past 20 years, 


Japan accounts for as much as 40% af the teatal number caf 
applications fram foreign cauntries and 20% af all U.S. patent 
applicaticans. A relationship of intense caompetitican between the 


U.S. and Japan is suggested. 
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Figure 1-2-11 Foreigner Ratios in Japan’s Patents 
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# Foreigner Ratio = (Number of applications (registrations) by foreigners/ 
Total nuaber of applications (registrations) ) x 100 
Data: Yearly Report of the Patent Office, WIPO 
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The situation in Europe, as can be seen in the U.F., for example, 
is such that since the 19560’s the foreiqner ratic already reached 
mare than 7OZ, af which the largest share is held by the U.S. In 
France, the foreigner ratic is a little less than 80% (Figure 1- 
2-14); in West Germany it reached 60% (Figure 1-22-15). The 
relative decline of the countries’ F&D strength and an intensely 
campetitive relationship can preabably be read from this. 


In cantrast, the foreigner ratic in Japan--where mare than S0OZ af 
the patent rights were held by foreigners during the 1960’s--fell 
abruptly in the 1970's and is receeding to a level af about 10%. 
Furthermare, Japan’s patent applications in foreign countries in 
1586 was eight times greater than in 1965, and Japan halds the 
next largest share after the U.S. and West Germany. This increase 
is astounding in camparisan with Eurape--the impravement of 
Japan’s F&D strenqth is strikingly evident. Japan’s current 
Situation is alsa unique among the three peles of Japan, the 
U.S., and Eurape. 
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Figure 1-2-13 State of U.S. Patent Applications By Nationality 
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Figure 1-2-14 Foreigner Ratios in France’s Patents 


Unit: 





18- 














45 47 49 51 53 55.57 59 61 63 65 


Pedy tye te 


67 69 71 73 


'% 7779.81 83.85 87 


46 48 S@ 52 54 S6 58 68 G2 64 66 68 78 72 74 76 78 8B 82 B4 8 


— Applications  <« 


Regqistratians 


Figure 1-2-15 Foreigner Ratios in West Germany’s Patents 
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1-2-4 Technology Trade 


Lamking at the volume of technology trade of the five majar 
developed countries in 1988, U.S. technology experts were 
overwhelmingly large (1.3762 trillion yen), greatly cutpacing 
thease af Japan (209.7 billien yen) and West Germany (128.5 
billion yen). 


As for volumes af technoalagy imports, Japan’s were the highest 
(642.6 hillian yen) of the five countries, follawed by West 
Germany (279.5 billian yen) and the U.S. (262.6 billion yen). 


Loaking at this in terms of the ratic of income to cutlays in the 
technealogy trade af 1987, the U.S. earned 6.64 times more than it 
spent; the U.E., 0.3923; France, 0.56; West Germany, 0.49; and 
Japan, 9.32. 


(1) Shares of Technology Exports 
Figure 1-2-16 compares the changes every ten years of the U.S., 


Japanese, and Eurspean (British, French, and West German) shares 
of technology exports. 


Figure 1-2-3 Changes in the Shares of High-Tech Product Exports 
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t Data for 1965 does not include France 


Data: Japan "Monthly Report on International Balance of Payments Statistics" Bank of Japan 
U.S. "Survey of Current Business" 
W. Germany “Monthly Report of the Deutsche Bundesbank" Deutsche Bundesbank 
U.K. "Business Monitor Overseas Transaction" (1965,1970 data) 


Departeent of Trade and Industry 
"British Business” (1985 data) 
France "Statistique and Etudes Financieres* 
"La Balance des Paiements de la France” 
Ninistere de l’Econ@i, des Finance et du Budget 
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As for the volumes of technology exports, over the past twenty 
years the increase af Japan’s and Eurape’s shares, and the 
decrease of the shares of the U.S. are noticeably apparent. Far 
the U.S. and Eurepe, the changes in the shares of technolagy 
export volumes indicates a totally reversed situation than the 
changes in shares of industrial product and high-tech product 
export volumes. Japan’s shares of the volumes cf all af those 
kinds of experts expanded. 


In Figure 1-2-17, which shows the changes in volumes caf 


technoloagy experts using 1370 as a basis for comparison, the 
steep growth of Japan’s technoaleagqy export volumes becomes all the 
more canspicucus when compared with these of the U.S. and Eurape. 


Figure 1-2-17 Changes in Volumes of Technology Exports 
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In technelogy exports, which can be thought of as indicating the 
stack effectiveness of past R&D, 


1) the level of technology, and 
2) the competitive strength af technology 


are directly expressed. Indeed these influence the global 
strategies of exporting countries, e.g., strategies such as 
~ multi-nationalization, and local production/sales ta replace 
product exports. 


Japan’s changes can be seen in the change of the scale of its 
technology expert valumes and also in the increase of the ratio 
of technology export volumes to industrial preduct expert vol- 
umes. In contrast toa the almost SOZ decline in that ratio for the 
U.S. in comparison with 1970, Japan’s increased to more than 80%. 


Figure 1-2-18 Ratio of Technology Export Volumes To 


Industrial Product Export Volumes 
1970 = 100 





198 
183- 
178- 
168- 
158-4 
148 
133 
way. le 
WO4s- + 
1e- 
@- 














t Ratio = Technology Export Voluees / Industrial Product Export Volusaes «x 100 
Data: Technology Export Voluses 


Japan "Monthly Report on International Balance of Payments Statistics® Bank of Japan 
U.S. “Survey of Current Business” DOC 

W. Geraany "Monthly Report of the Deutsche Bundesbank" Deutsche Bundesbank 

U.K. "Business Monitor Overseas Transaction" Departaent of Trade and Industry 


"British Business" 

France "Statistique and Etudes Financieres® “La Balance des Paiements de la France" 
Ninistere de l’Econ@ie, des Finance et du Budget 

Industrial Produst Export Volu@es: U.N. Monthly Bulletin of Statistics 
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(2) Degree of Dependence on the Introduction of Technology 


Because an up-to-date assessment of F&D strength cannot 
necessarily be accomplished by looking at only the compensation 
for furnishing and introducing technology, international 
camparisons based on the degree of dependence on technology 
introduction are also being studied. This degree of dependence oan 
technology introduction is an indicator that 1s expressed as 





Degree of dependence Amount paid to compensate for technology introduction 
on the introduction = 
of technology Corporate R&D costs + Asount paid to compensate for technology introduction 


and it is thought to suggest the degree of reliance on technology 
that is introduced in situations where a firm is canvinced that 
the time is right for establishing a certain technology, or where 
a firm hopes to bring forth the seeds for a certain technology. 


This is an essential indicator for measuring the importance of 
the introduced techneleagy with respect to a country’s R&D, and 
the relative importance of independent R&D in the introaductian of 
technology. The OECD alse processes its data using the same kind 
of idea. 


Figure 1-2-1939 shows how the degree of reliance on technology 
intraductian changes for firms in the five developed countries. 


In 1985 the country least dependent on the introduction of 
technology was the U.S., 9.011; next was West Germany, 0.064; 
then Japan, 0.87; the U.K., 0.094, and France, 0.124. The U.S. 
degree of dependence an technolagy intreaduction is overwhelmingly 
low. 


Yearly changes in the degree of dependence on techneolagy 
introduction are clear from Figure 1-22-19, in which the tendency 
in Japan and West Germany for that dependence to decrease can be 
seen. Japan’s case is especially salient. As for the U.F., there 
are large fluctuations; France and the U.S. maintain a nearly 
canstant value. If the lessening af the deqree af reliance oan 
technology introduction means that independent F&D strength is 
building up, then the improvements in Japan’s and West Germany’s 
F&D strenath are remarkable. 
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Figure 1-2-19 Changes in Degree of Dependence on Technology 
Introduction 





8.2 
9.18- 
8.16- 
@.14- 
Q.124 



















6& 6 8 7 79 3S 6 gf 
6 68 7% 77 74 76 78 @8 8 8 G6 8 
— Japan -**:: U.S. © West Geraany 4 U.K, -'- France 


t Degree of dependence Amount paid to coapensate for technology introduction 
on the introduction 





of technology Corporate R&D costs + Amount paid to cospensate for technology introduction 


Data: Japan "Monthly Report on International Balance of Payments Statistics" Bank of Japan, 
"Investigative Report of Scientific and Technological Research" Management and 
Coordination Agency 


U.S. "Survey of Current Business” DOC, NSF statistics 
W. Geraany “Monthly Report of the Deutsche Bundesbank* Deutsche Bundesbank, OECD statistics 
U.K. "Business Monitor Overseas Transaction" (1965 and 1970 data) 


Departaent of Trade and Industry 
"British Business” (1985 data), OECD statistics 

France "Statistique and Etudes Financieres” "La Balance des Paiements de la France" 
Ministere de l’Econ@ie, des Finance et du Budget, OECD statistics 


(3) Technology Trade By Partner-Country 


Here we will attempt ta campare the ratic of experts te imparts 
far Japan and the U.S. in their trade with oather developed 
mountries. Figures 1-2-20 and 1-22-21 shaw the changes in the 
ratio af technaleagy exports ta imports by trading partner. 


Incidentally, the data on Japan’s technology trade is not from 
the Bank af Japan, but uses data from the Management and 
Loowrdinatian Aqency’s "Investigative Feprart af Scientific and 
Techneleaqical Fesearch." 








Figure 1-2-20 Ratio of Exports to Imports in Japan’s Technology 
Trade, By Partner—-Country 
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Data: "Investigative Report of Scientific and Technological Research" Management and Coordination Agency 


Figure 1-2-21 Ratio of Exports to Imports in U.S. Technology 
Trade, By Partner-—Country 
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Far Japan in 1988, the ratio of exports toa imperts in technology 
trade with the U.K. was the highest, 1.45; with West Germany, it 
amounted ta 0.58; with the U.S., 9.36; with France, 0.24. The 
ratic in trade with the U.E. was greatly impreaved, and there have 
been relative improvements in the ratios for trade with all af 
the ather cauntries except France. 


Fir the U.S. in 19387, the ratic of experts toa imparts in 
technelagy trade with Japan was the highest, amcaunting ta 6.5; 
with France, 2.3; with the U.F., 1.13 and with West Germany, 1.9. 
The ratio is high for technology trade with Japan. The ratic for 
trade with Japan is higher than 3.8, the ratica for all U.S. 
technoaleagy trade; in contrast, the ratios for trade with the 
other three cauntries is lower than the oaverall ratic. Over the 
years the ratic for technology trade with Japan is gradually 
appreaching the level of the other three countries. This can be 
interpreted as a continual decrease in the degree ta which Japan 
relies on the U.S. ‘also refer ta Figure 1-2-22). 


Figure 1-2-22 Structure of Technology Transfer as seen with Japan 
at the Center 


















































































































































«1972 ) 
43 
North fuer ica 201 
1, 271 Al, 228 7 
Southeast Asia 153 
Japan 195 South America 22 
Other 26 
407 4329 T 
Europe 6 
-_ 
_ «(1988 ) 
North her ica 1, 200 
1,981] al, 211 : 
Southeast Asia] Old 
Japan 1,195 {South America 44 
Other 142 
1, 136 4643 T 
Europe | 5 
1 493 








Unit: 100 Million Yen 
Data: “Investigative Report of Scientific and Technological Research"  Managesent and Coordination Agency 














1-2-5 Papers 


Research papers and patents are thougl* toa indicate the relative 
Supericrity of the level af F&D strengch, as menticned in the 
analysis viewpoint af 1-1, But we can also deal with them fram 
tne standpoint of the intellectual preaductivity af research 
personnel. 


As for statistics on papers, little that can be suitably used has 
been found, but because the Ministry of Educatian’s "Intern- 
ational Comparative Study of the Numbers of Academic Fesearch 
Fapers" was recently released, we can use these statistics. 
Research papers fram 24 leading-edge fields related ta the 
Physical sciences, engineering, and medicine are the subjects of 
the Ministry of Educatian’s study. 


Fiqure 1-2-2535 sheaws the shares by nationality of authors fram 
Japan, the U.S., and Europe (the U.FK., France, and West Germany? 
whase papers can be cansidered ta be at the level «af worldwide 
standards. After camparing the shares in 1985 with the shares af 
research persannel, shawn later in Fiqure 1-3-6, an unbalance is 
apparent in Japan and Europe. The U.S. is almost balanced. 


Figure 1-2-23 Changes in Shares of Numbers of Papers 
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Data: “International Comparative Study of the Numbers of Academic Research Papers" Ministry of Education 


On the other hand, however, Eurcape’s retragressicn is evident. 
lLamparing its share of the papers in 19576 with that of 10 years 
befere, it receeded fram 36.6% toa 29.3%; canversely the U.S. 
shows a Significant increase. Ferhaps we can say that it is the 
retrogressive phenemenan af Eurcape. If the F&D strength af 
universities and ather such academies is revealed in research 
papers, then we can prabably say that the vitality of Eurcapean 
azademies, which Boast of a long tradition, is waning; that the 














strength of the U.S. is increasing; and that Japan is following 
behind the U.S. 


Also, looking at the relative percentages of Japan and the U.S., 
as shown in Table 1-2-1, Japan’s weight increased during the ten 
years from 1973 to 1982, and although the U.S. is proud of its 
averwhelming superiority, it is apparent that its percentage is 
decreasing. Europe’s retrogression and the heightening of Japan’s 


intellectual superiority due to the generation of research papers 
is suggested. 


Table 1-2-1 Comparison of Japanese and U.S. Shares in Numbers of 











S&T Papers 
Japan U.S. 

Field ; 1573 1982 1573 15982 
BIOLOGY 5.3 | 6.6 46.4 | 44.0 
BIOMEDICINE 4.0} 6.5 99.2} 41.1 
CHEMISTRY 9.4 | 11.6 23.3 | 21.9 
CLINICAL MEDICINE 3.5} 5.6 42.8 | 42.1 
EARTH & SPACE 2.0) 21 46.7 | 43.1 
ENGINEERING 5.41 7.9 41.8 | 41.5 
MATHEMATICS 3.9} 6.0 47.9 | 38.7 
PHYSICS 6.5} 9.0 32.7 | 29.6 
ALL FIELD 5.1) 7.3 39. 2 | 37.2 





























Data: The Science ang Technology Resources 
of japan, SSP, 1988 


Figures 1-2-24 and 1-2-25 are year-to-year comparisons in terms 
of per-researcher productivity af Japan and the U.S. with respect 
ta the numbers of patent applications in foreign countries and 
research papers. 


The growth af Japan’s productivity in terms of patent 
applications in foreign countries is great in comparison with the 
U.S. Conversely, the figure for the U.S. describes a patent- 
research paper-patent kind of cycle within the range of 
preductivity. If the trends over a slightly longer period could 
be seen, one could get a grasp on the very interesting state af 
affairs in terms of the differences in the F&D structures of bath 
countries. 








Figure 1-2-24 Japanese Foreign Patent Applications and Papers 
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Data: Investigative Report of Scientific and Technological Research, Manageaent and Coordination Agency 
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International Comparative Study of the Nuabers of Academic Research Papers, Ministry of Education 


Figure 1-2-25 U.S. Foreign Patent Applications and Papers 
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# Nuabers of applications include EPC applications 
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Data: NSF statistics; Annual Report of the Patent Office 

International Comparative Study of the Nusbers of Academic Research Papers, Ministry of Education 








Although we try as best as possible not toa hypothesize, Japan’s 
technological developments resulting from the leadership of the 
private sector and the motivation tc apply those developments are 
much greater than the intellectual property resulting fram 
research papers; in contrast, there is more of a balanced 
interaction in the case of the U.S. As mentioned before, we would 
like to carry out a study over a much longer period of time. 


1-2-6 Direct Overseas Investments 


Direct overseas investments can be used as a reference indicator 
for assessing R&D strength in terms of international levels. This 
indicator certainly includes other factors outside of R&D. This 
is because it is largely prescribed by the ideal of multi- 
nationalization as the way corporate activities should be. 


Nevertheless, even if the competitive pawer of R&D is indirectly 
related to direct overseas investments, they surely do indicate 
something. In particular, they are a pre-requisite for analyzing 
the international structure of R&D. 


Figure 1-2-26 Japan’s Direct Investments 
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Data: Actual Direct Foreign Investaents Reported, Ministry of Finance 
Figure 1-2-27 U.S. Manufacturing Industry’s Direct Investments 
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Figures 1-2-26 and 1-2-27 show the changes in the direct 
investments of Japan and of the U.S. manufacturing industry, 
respectively. The size of Japan’s investments in Asia in 1974 was 
notable, but about 10 years later the largest share of Japan’s 
investments went to the developed countries of the U.S. and 
Europe: 46.0% to North America and 19.7% to Europe. This suggests 
that Japan started to have the power to produce and sell goods in 
those developed countries, i.e., the technological strength for 
production and sales. During FY 1988, as shown in Table 1-2-2, 
the percentage of Japanese investments in North America increased 
to 47.5%; investments in Europe amounted to 19.4%. 


Table 1-2-2 Trends in Japan’s Direct Investments 


Nueber of Cases Asount Distribution Ratio 


























China 170 299 0.6 
Korea 153 483 1.0 
Taiuen 234 372 0.8 
Hong Kong 335 | 1.622 | 3.5 
Singapore 197 747 1.6 
Thailand 382 859 1.8 
Malaysia 108 387 0.8 
Indonesia | 84 586 1.2 
Phillipines 54 134 0.3 
Oceania 514 2, 669 9. 7 
North America | 2,543 | 22,328 | 47.5 
Europe 692 9, 116 3.4 
Central and 907 6,428 | 13.7 
South America | 
Africa 74 | 653 1.4 | 
Middle East 10 259 | 0.6 | 
Total 6,076 | 47,002 | 100.0 | 
* FY 1988 data # Unit: one aillion dollars 


Data: Actual Direct Foreign Investeents Reported, Ministry of Finance 
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Figure 1-2-28 Changes in Japan’s Direct Investments 
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On the other hand, the distribution ratios of the direct 
investments made by the U.S. underwent great changes, away fram 
primarily Canada and Europe, during the 20 years since 15966. 
Investments in Canada, especially, receded from 31.7% in 1366 to 
19.6%. Investments in Asia, Central and South America, and other 
European countries, which are classified as "Other," increased in 
weight, so we can say that worldwide overseas investments were 
developed. 


Figures 1-2-28 and 1-2-29 are a bit more detailed look at the 
changes in Japanese and U.S. direct investments. 


The remarkable increase in Japan’s investments in North America 
and in Europe, and the sudden rise in U.S. investments in Japan 
from 1980 onwards can be seen. This indicates the deepening 
inter-dependence between Japan and the U.S. 


1-3 Basic Potential Strength of the Developed Countries 


1-3-1 R&D Expenditures 


(1) Changes in Percentage of GNP and Shares 


A good indicator of the increase in future-oriented F&D strength 
is PF&D expenditures. Alsc, by canveying the magnitude of 
investments in R&D from the past up until the present, F&D 
expenditures also reveal the potential power of R&D. 


Figure 1-3-1 shows the changes in the percentage of GNP spent on 
R&D in the five developed countries of Japan, the U.S., and 
Europe. Overall, the levels of those percentages remained low or 
were in a state of stagnation during the 1970'’s. However, of the 
changes that occurred after 1960, there was a very remarkable 
shift in the percentage of its GNF that Japan spent on R&D, 
despite the fact that it was only for the natural sciences; it 
rose from 1.1% in 1960 to 2.6% in 19587. 


Looking at the percentages of GNF alone, if the humanities and 
secial sciences are included, Japan’s 2.80% is second toa West 
Germany’s 2.81% and is more than the 2.65% of the U.S. In this 
sudden change, the increased power of Japan, which may alsa be 
described as a unique, basic potential strength that supports its 
R&D, 16S suqgested. 


’ } 
Se 








Figure 1-3-1 Research Expenditures as Percentages of GNP 
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# Japan's research expenditures are only for the natural sciences; the others include the husanities and 
social sciences. However, the U.K.'s research expenditures since 1980 are only for the natural sciences. 


Data: Japan Annual Report of National Economic Computations, Economic Planning Agency; 
Investigative Report of Scientific and Technological Research, Manageaent and Coordination Agency 
U.S. International Financial Statistics, IMF; NSF statistics 
W. Geraany International Financial Statistics, IMF; OECD statistics 
U.K. International Financial Statistics, IMF; OECD statistics 
France International Financial Statistics, IMF; OECD statistics 
Appendices to budget bills 


Figure 1-3-2 (A) shows the changes in the Japanese, U.S., and 
European (British, French, and West German) shares of tatal R&D 
expenditures. In 1966, Japan’s share was only 4.5%, but by 1983 
it grew to about 19%. The share percentage that dwindled greatly 
was that of the U.S. Fiqure 1-S-2 (B) shows the shares of 


research expenditures in 1985 based on the Furchasing Power 
Parity Theory. 


We can prabably say that this reveals the relative decline of 
pesition of the U.S. as the “world’s F&D center." It suggests 
global changes in the F&D structure. 








Figure 1-3-2 Changes in Shares of R&D Expenditures (A) 
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Figure 1-3-2 Changes in Shares of R&D Expenditures (B) 
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# Japan's research expenditures are only for the natural sciences; the others include the hueanities and 
social sciences. 


Data: Research Expenditures Japan Investigative Report of Scientific and Technological Research, 
Manageaent and Coordination Agency 
U.S. NSF statistics 
Others OECD statistics 
Purchasing Power Parity Theory OECD Main Economic Indicators 1989 











(2) Accumulation of Research Expenditures 


It is thought that the magnitude of R&D expenditures accumulated 
over time is a more suitable indicator of R&D strength than the 
scale of R&D expenditures for a single fiscal year. We would like 
to see further studies on this matter ta investigate the 
appropriateness of cumulative R&D expenditures as an indicator. 


Actual research expenditures in terms of their cumulative amounts 
over ten-year-long pericds, from 1967-13976 and from 1377 ta 1986, 
can be seen in Fiqure 1-3-3. 


The cumulative amount of Japan’s research expenditures in the 
past ten years is more than that of West Germany and France, and 
the difference with that of the U.S. is shrinking. We may think 
af it as an extracrdinarily large cumulative effect of Japan in 
the ten years since the latter half of the 1970's. 


These kinds of changes are also evident in the research 
expenditures by nature of the research (Figure 1-3-4). 


Figure 1-3-3 Ten-Year-CumulativeAmounts of Research Expenditures 


Unit: One Trillion Yen 
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t Japan's research expenditures are only for the natural sciences; the others include the hueanities and 
social sciences. 
Data: Research Expenditures Japan Investigative Report of Scientific and Technological Research, 
Nanageaent and Coordination Agency 
U.S. NSF statistics 
Others OECD statistics 





Figure 1-3-4 Ten-Year—Cumulative Amounts of Research Expenditures 
By Nature of the Research 


1967 ~1976 Unit: One Trillion Yen 
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t Japan's research expenditures are only for the natural sciences; the others include the husanities and 
social sciences. 


Data: Japan Investigative Report of Scientific and Technological Research, 
Nanageaent and Coordination Agency 
U.S. NSF statistics 


Others OECD statistics 











(3) Research Expenditures Per Researcher 


Figure 1-3-5 shows the Japanese, U.S., West German, and French 
research expenditures per researcher according to the type of 
organization in which the researchers are employed for the years 
1965 (1967 for Europe) and 1986 (1985 for Europe). 


During this 20-year pericd, except for that in universities, the 
growth in Japan’s research expenditures per researcher is very 
remarkable. The growth of that in private research organizations 
is especially large and unique. 


On the ether hand, Japan’s research expenditures in universities 
stands out against that of the U.S., West Germany, and France, 
arid has not came up to these levels. This suggests the issue of 
Japan’s domestic R&D structure. 
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Figure 1-3-5 Research Expenditures Per Researcher By Employer 


Unit: One Million Yen 
1965 (CEureape, 13967) 
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# Japan's research expenditures are only for the natural sciences; the others include the husanities and 
social sciences. 

# Governaent research organizations are national, public, and special corporate research organs; private 
research organizations are private non-profit research organizations 


Data: Japan Investigative Report of Scientific and Technological Research, 
Nanagesent and Coordination Agency 
U.S. NSF statistics 
West Gersany OECD statistics, “Bundes Bericht Forschung’ 


U.K., France OECD statistics 
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1-3-2 R&D Personnel 


Figure 1-3-6 shows the changes in the Japanese, U.S., and 
European (British, French, and West German) shares af the tatal 
number of researchers. In comparison with 1964, Japan’s share 
grew by 10%, and the U.S. share deteriorated by as much as 15%. 
The relative decline of the basic potential strength of the U.S. 
that supports its F&D strength is evident. 


Figure 1-3-6 Changes in Shares of the Number of Researchers 
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# Japan's research expenditures are only for the natural sciences; the others include the husanities and 
social sciences. 


# Figures for the U.K. are for industry and private research organizations. 


Data: Japan Investigative Report of Scientific and Technological Research, 
Manageg@ent and Coordination Agency 
U.S. NSF statistics 
West Germany OECD statistics, “Bundes Bericht Forschung" 
U.K. OECD statistics, “Annual Review of Governaent Funded R&D" 
France OECD statistics, appendices to budget bills 


As shawn in Figure 1-3-7, in the number oar researchers per 
million papulat nn, Japan is already at the same level as the 


U.S. In Japan’s case the increase in carporate researchers is 
especially noticeable. 


There are two points where the Japanese and U.S. statistics on 
numbers af researchers differ: 1) humanities and social sciences 
are included in the U.S. statistical values; 2) FTE (full-time 
employee) canversians were not applied ta the Japanese 
statistics. Then, when a full-time conversion is attempted oan a 
trial basis with data that includes the humanities and the social 
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sciences, the number cf researchers per million population in 
Japan during 1987 becomes 3,130. (Note) 


The number of researchers per million population in the U.S. 
during 1987 was 3,307. Taking into account the difference in 
scale af population and other such factors, we can probably say 
that Japan and the U.S. are already equal in their percentages of 
research personnel. 


Figure 1-3-7 Number of Researchers Per Million Population 
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# Japan’s research expenditures are only for the natural sciences; the others include the husanities and 
social sciences. 
# Figures for the U.K. are for industry and private research organizations. 
Data: Japan "Investigative Report of Scientific and Technological Research" 
Management and Coordination Agency 
"Monthly Report on Population Statistics* Managesent and Coordination Agency 
U.S. NSF statistics, “World Population Yearbook" U.N. 
"International Financial Statistics” IMF 
West Geraany OECD statistics, "Bundes Bericht Forschung, 
U.K. OECD statistics, “Annual Review of Governaent Funded R&D° 
"British Business", “World Population Yearbook" U.N. 
France OECD statistics, appendices to budget bills 


(Note) The FTE coefficients used vere 0.815 for corporate and other such researchers and 0.700 for researchers 
of universities. Refer to the “Study on Methods for Comparing Japan with the Actual State of Statistics 
Related to R&D Activities in Europe and the U.S." (Future Engineering Research Institute, 1988). 

In the OECD's R&D-related statistics, international comparisons were @ade by halving Japan's R&D 
eaployees at universities (a 0.5 FTE coefficient), and the nuaber of researchers in corporations and 
research organizations was not corrected. 
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1-4 International Comparisons 


The next topic is putting together the comparisons of the 
develaped countries’ F&D strength that were examined above. 
Although there may be various arguments as ta what to choose as 
an indicator for that generalization, here we will try to keep 
the idea of "population" as the basis for all assessments. 


In this study, we have attempted to synthesize per-milli«an- 
population comparisons. Figure 1-4-1 puts together comparisons af 
the per-million-population scales of various indicators of Japan 
and the U.S. in 1986. 


Figure 1-4-1 Per-Million-Population Comparisons of Japanese and 
U.S. Scales (1986) 
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# For Japan, research expenditures and researchers are only in the natural sciences; for the U.S., humanities 
and the social sciences are included. 
Data: Japan “Monthly Report on Population Statistics* Management and Coordination Agency 
“Annual Report of Economic Statistics* Economic Planning Agency 
"Annual Report of the Patent Office 
"Investigative Report of Scientific and Technological Research’ 
Manageaent and Coordination Agency 
"Science and Engineering Indicators - 1989" 
U.S. “World Population Yearbook” U.N., "Annual Report of the Patent Office’, NSF statistics 
"International Financial Statistics® IMF, 
"Survey of Current Business” DOC, “Science and Engineering Indicators - 1989" 








In the relative comparison with the U.S. from Figure 1-4-1, Japan 
lags noticeably behind in technology exports and is slightly 
behind the U.S. in research expenditures. In high-tech product 
exports, Japan greatly surpasses the U.S. 


Figure 1-4-2 is a another such comparison of the two countries’ 
scales 20 years before. How great the changes are is obvious. 


Figure 1-4-2 Per-Million-Population Comparisons of Japanese and 
U.S. Scales (1965) 
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# Using 100 as the index for the U.S. 

# For Japan, research expenditures and researchers are only in the natural sciences; for the U.S., huanities 
and the social sciences are included. 

# High-tech product exports are based on the U.S. Departeent of Commerce’s (DOC-3) definitions 


Data: Saee as Figure 1-4-1 


Comparisons of ane cauntry with another are aften made fram the 
viewpoint of the nations’ caverall power, on a full-scale basis. 
But, from the scientific and technological viewpoint, and then 
from the viewpoint of how R&D brings about a wealthier lifestyle 
and a better social enviranment for the individual citizen, the 
natural conditions for the comparisons must be reduced dawn ta a 
per-person basis rather than in terms of the total population of 
a country. In doing sa, ane cannaet reqard Japan’s strenaqth, i.e. 
its F&D strength, as being that inferior to the U.S. 
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1-5 NIES and ASEAN Countries At Present 


Achieving rapid economic growth, the NIES and ASEAN countries, 
are steadily building up strength in their F&D and are also about 
to assume a role as one af the R&D strongpoints in the world of 
the 2Zist century. We can certainly say that their strength is a 
great deal less than that of the develcped countries. 


1-5-1 Production and Trade 


Figure 1-5-1 is a chronological, relative comparison of the 
changes in the volumes of exports from Korea and Taiwan, as 
representive of the NIES, with thase of Japan, the U.S., and 
other countries. Having had an expansion in exports, the 
percentage of which is much higher than that of even Japan and 
the U.S., the growth of Korea and Taiwan since 1980 is especially 
remarkable. Those experts volumes actually amounted to ten times 
the volumes of 1975. The sluggishness since the 1980’s in the 
countries that export oil, which had been the typical export of 
developing countries, shows a trend that is in total contrast 
with that of Korea and Taiwan. 


Figure 1-5-1 Changes in Export Volumse 


Unit: 1,000 1975 = 100 
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# Oil-exporting countries: Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, 
Nigeria, Oman, Qatar, Saudi Arabia, Arab Ewirate Republics, Venezuela 


Data: Bank of Japan “International Comparative Statistics® 











Figure 1-5-2 shows the changes in the percentage of world export 
volumes that the four Asian NIES countries account for. In 1987 
exports from these four countries amounted to as much as 8% of 
the world’s exports. Also, Figures 1-5-4 and 1-5-5 show the 
changes in these countries’ exports to Japan and the U.S.; the 
sudden expansion af those exports during the 1980’s, especially 
after 1984, is remarkable. 


The volume of these four NIES countries’ high-tech product 
exports to the U.S. increased fivefold over a ten-year pericad, 
from $3.5 billion in 1978 to $17.7 billion in 1987, accounting 
for more than 20% of all high-tech product exports ta the U.S. in 
1987 ("Science and Engineering Indicators - 1989"). 


In such a situation, the build-up of the NIES countries’ 
technoleagical strength, which was centered on preductican 
technology, and improvements in their R&D strength to suppert 
that, is suqgqested. 


Figure 1-5-2 Changes in NIES Countries’ Export Component Ratios 
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Figure 1-5-3 Changes in NIES Countries’ 


Exports to Japan 


Unit: One Billion Dollars 
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Figure 1-5-4 Changes in NIES Countries’ 
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1-5-2 Korea’s State of Affairs 


When the focus is on Korea, as the leading country of the NIES 
nations, we see rapid changes in the domestic structure involving 
production and trade, and that Korea is striving for economic 
Growth that is bolstered by overseas trade, particularly exports. 


(1) Reliance on Exports 


Figure 1-5-S shows how Korea’s dependence on trade has changed. 
In 1986, it exported more than it imported. We can also say that 
Korea’s drive to promote exports is accelerating its economic 
development and the raising of its S&T standards. 


Indeed, Korea’s situation is such that it faces a tremendous gap 


between itself and the developed countries such as Japan and the 
U.S., and the road that lies ahead will not be an easy one. 


Figure 1-5-5 Changes in Korea’s Dependence on Trade 
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(2) Introduction of Technology 
Figure 1-5-6 shows the state of Korea’s technology trade. 


It is apparent that Korea’s dependence on technology imports is 
predominant. Furthermore, the degree of that dependence 
intensified from 1984 through 1986, and there is even a sense of 
it being a "prototype" of the situation Japan was once in--qoing 
from technology imports to product exports. The sources of its 
imports, as shown in Figure 1-5-7, are mostly in the U.S., 
followed by Japan. It is no exaggeration to say that the majority 
of Korea’s technology imports are from Japan and the U.S. 


Figure 1-5-6 Changes in Korea’s Technology Trade 


Unit: One Million Dollars 
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Figure 1-5-7 Korea’s Technology Imports 
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Data: “Korea's Science and Technology Yearbook" 1987 








(3) Foreign Countries’ Possession of Patents 


The situation with technology imports is also clearly indicated 
in the aspect of patents. Fiqure 1-5-8 and 1-5-9 shew the 
developed countries’ patent applications in Korea, and the 
percentage of Korea’s patent applications that were filed by 
foreiqners, respectively. A situation is seen where 70-80% of 
Korea’s patent applications are held by foreign countries. The 
fact that patent applications by Japan and the U.S., in 
particular, account for much of those attracts one’s attentican. 


Korea is certainly trying to cope with this situation. It does soa 
by making the most of a utility model system. Fram the statistics 
for 1987, there was a total of 18,836 applications for patents 
and a total of 24,773 application for utility medels; moreover, 
more than 95% af the applications for utility models were fram 
within Korea. 


Because this kind of phenomenon could be seen in Japan during the 
1950’s and 195960’s, it is very similar ta Japan’s past, where it 
used utility models as a lever in striving to boost domestic F&D 
strength and to raise the level of R&D. 


Figure 1-5-7 State of Developed Countries’ Patent Applications 
in Korea 


Unit: 1,900 applications 





























— Japan -***: U.S. °° + West Gereany -- U.K. -* - France 
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Figure 1-5-9 Percentage of Applications by Foreigners in Korea 
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Data: World Intellectual Property Organization 


(4) The Rise in Basic Potential Strength 


It can be gathered that Korea’s basic potential strength, in the 
form of R&D strength, has been rapidly rising since 1980. 


Figure 1-5-1090 shews the research expenditures, the research 
expenditures defrayed by the government, and the numbers of 
researchers in Korea, using the figures for 1971 as an index. The 
increase in research expenditures, especially those of the 
private sector, is striking. Furthermore, there is a great deal 
af vigor in private research; of the 1.5233 trillion won used for 
research expenditures in 1986, 1.0217 trillion won, which 
corresponds to about 70%, was used by the private sector; and F&D 
based on private leadership is aggressively promoted. 


The linking of these kinds of rapid changes to results is 
probably starting to happen now. Korea’s present and future is 
now gaining attention. 











Figure 1-5-10 Changes in Korea’s Research Expenditures and 
Numbers of Researchers 


Unit: 1,000 1971 = 100 
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Data: "Korea's Science and Technology Yearbook" 1987 


Figure 1-5-11 Increase in Korea’s Higher-Educated Population 
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1-5-3 Thailand’s State of Affairs 


Of the ASEAN countries, Thailand is regarded historically and 
economically, tom, as a core country. Its industrial ecancamic 
growth in recent years in remarkable, and, with the existence of 
its universities and research laboratories, it 1s becaming a 
strangpoint for scientific research in the ASEAN countries. 


Fallowing after the NIES, the ASEAN countries’ present and future 
scientific and technological develapment has significance as a 
midel nat anly for the Asian area But alsa as a model far the 
countries af the world that got a late start. 

(1) Thailand’s Economic Development and S&T 

As shawn in Fiqure 1-S-12, the scale of Thailand’s ecancamy, 
despite everything, 1S growing steadily: the GNF in 13986 expanded 
ta S.14 times that af 1976. 

Figure 1-S-12 Changes in Thailand’s GNP 


Units One Miallian Bahts 
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was recognized as a result of the establishment af the Ministry 
of Science, Technolagy, and Energy (MOSTE) in 197%. 


Thailand is now grappling with S&T promeation as a part of the 
Sixth National Social and Ecanemic Development Plan for 1987 tea 
i991. 


Nevertheless, the efforts made towards that S&T promotion are nat 
necessarily enough. That is because equipping itself with basic 
potenti l R&D strength is aboveall a matter of urgent necessity. 
The changes in the natianal budgets and in the S&T budgets alsa 
suggest that Thailand is groping for solutions (Figures 1-S-135 
and 1-S-14, Table 1-5-1). 


Figure 1-35-13 Changes in Thailand’s National Budget 


Unit: One Million Bahts 
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Data: Tha:land Science &@ Technology Indicators 1987 


Table 1-5-1 Changes in the S&T Budget (Million Bahts) 





Fiscal Year| 1975 1976; 1977 1978 | 1979 1980 1981 1982 1983 | 1984 | 1985 1986 





Budget |191 1166 | 1277 | 1468 1331 1507 2549 | 3271 1656 | 2104 | 2416 | 2020 


— ion 





t The data for 1983 does not include eilitary research expenditures 


Data: Tha and § ence And Technology ndicators 1987 





Figure 1-5-14 Changes in Thailand’s S&T Budget Amounts 
Within the National Budget 
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Data: Thailand Science & Tecnnslogy Indicators 1987 


(2) Technology Imports and the Patent Situation 


In Thailand, toc, the intreductian af technology from overseas 
holds a great deal of weight. 


As shown in Fiqure 1-S5-15, the total volume of technology 
imports, which amounted to 500 million bahts in 1977, increased 
rapidly after 1980 and reached 2.4484 billion bahts in 1985, as 
shown in Table 1-5-2. 


Because the 1985 S&T-related national budget was about 2.4 
billion bahts, nearly the same amount of capital was paid 
overseas 1n campensation for technology imports. 


We can certainly say that the magnitude of this dependence oan 
foreign countries far technology suggests the current state of 
affairs in ASEAN ccuntries. 











Figure 1-5-15 Changes in Thailand’s Technology Imports 


Unit: One Billion Bahts 
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Table 1-5-2 Thailand’s Technology Imports 








Volume of Technology Imports 
Year (Billion Bahts) 
382 1.49314 
1983 1.57041 
1584 1. 99383 
1985 2.04484 














Tha:land Science & Technology 
Data: 


indicators 1987 
This kind of situation is also clearly Suggested in the aspect of 
patents. As shawn in Figure 1-S-16, as much as 80% af the 
Thailand’s patent application were from foreign countries. 


This existence of patents enables the intraductian af technalagy 
from overseas. On the ather hand, in the case of Korea shown in 
Figure 1-S-16, the percentage of Korean applicants 15 arewing 
little-by-little, and it can be gathered that Korea is attaining 
the strength ta independently develop technoalaaqy. 








Figure 1-5-16 Changes in Thailand’s Patent Applicants 
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Data: “Korea’s Science and Technology Yearbook" 1987 








1-5-4 Japan’s Handling of the Situation 


Indicators in the S&T fields far the Asian NIES and ASEAN 
countries also signify the changes in those countries’ 
relationships with Japan up until now. 


Figure 1-5S-17 shows the changes in Japan’s technology exports ta 
Asian countries. With 1980 and 1981 as the demarcation, there was 
a rapid increase in Japan’s technology exports ta Korea, fallawed 
by Taiwan. 


Also, Table 1-5-3 shows the relationship between Japan and the 
Asian countries in terms of patent applicatians. Although the 
absolute numbers are small, af all af the Asian countries KForea’s 
special weight increase is remarkable. Patent applications in 
Japan from Korea are also increasing. 


On the ather hand, looking at Japan’s economic and technical 
cooperation with the Asian countries in Figure 1-5-18, we can see 
that private-sector-based cooperation 1s cancentrated in 


Indonesia, Singapore, and Korea; a great deal of gavernment-—based 
cooperation is with Thailand, Indonesia, and the Phillipines. 


Figure 1-5-17 Japan’s Technology Exports to NIES and ASEAN 
Countries 


Unit: 100 Millien Yen 
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Table 1-5-3 Patent Activities of Japan and NIES & ASEAN Countries 


Japan's certification issues 




















for priority rights to patents Patent applications in Japan 
: | | | 
1980 % sco % [1980 . % | 1989  % | 
| | 7 | 
Korea | 3,087 79.6 | 9,341 87.9 45: 37.2 362 72.0 | 
Taiwan | 378. 9.7 s10 44 56 46.3 | 120 23.9 | 
Malaysia ' 0.1 | 356 34 0 0.0 3. 0.6 | 
Phillipines 184. 4.7 1971.9 | $: as | 0 
Indonesia | 147: 3.8 131 1.2 l 0.8 | | 0.1 | 
Thailand | 13 1.9 116 1.1 0 0.0 | 0 | 
Singapore : 5 01 9 O01 3: 25 | 6 1.2 
ane Kone 2 01 5 0.0) 13. 10.7 | ou 22 
3, 880 100. 0 “10, 628 100.0 | 121 100.0} 503 100.0 











# One can see the applications from Japan by the nuaber of priority rights certification issues resulting froe 
the Paris Treaty 


# The percent values are the percentages accounted for in the eight NIES and ASEAN countries. 


Data: Annual Report of the Patent Office 











Figure i-5-18 Japan’s Economic Cooperation with Asian Countries 
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Chapter 2. Growth Processes of R&D Strength and 
Tracks Left Behind by Government Policies 


2-1 A Discussion of Viewpoints and Turning Them Into a Model 


In this chapter we will build upon the overall international 
comparisons of the current state of affairs that were seen in 
Chapter 1 and will analyze the process of growth in F&D strength 
within the framework of international campetitive and cooperative 
relationships. We will analyze the structure of the relationships 
of international rivalry and cooperation with respect to F&D 
strength in the typical framework shown in Figure 2-1-1. 


Figure 2-1-1. Structure of International Competition and 
Cooperation in R&D Activities 
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First, assuming a series of processes--basic research, applied 
research, development, production, sales--we hypothesize 
countries that implement their own, different styles in these 


processes. Country Ais the type that independently carries cut 
the series of processes and 15 positioned as the leading ccuntry 
in this framework. Country B is the type that does not canduct 


research on basic technology at home but rather relies on Country 





Incidentally, if, focusing on Japan, we look at technology 
transfer, which 135 an indicator of the cooperative relationship 
axis, it is obvious that Japan’s relationship with the U.S. is 
extremely important. As shown in Figure 2-1-2, Japan depends on 
the North American region for about 70% of its technology 
imports, even in recent years. On the other hand, as discussed in 
detail in the previous chapter, in recent years Japan’s 
technology exports to foreign countries are also increasing 
remarkably, and the weight of its exports to the Asian countries, 
in particular, is becoming higher. 


In the next section we will analyze the processes of the growth 
of R&D strength in Japan; the U.S., as an example of a leading 
country with respect to Japan; and in Korea and Thailand, as 
countries to which Japan transfers technology. 


Figure 2-1-2 Structure of Technology Transfer To and From Japan 
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Data: “Investigative Report of Scientific and Technological Research® Manageeent and Coordination Agency 


2-2 Each Country’s Process of Growth in R&D Strength and 
Tracks Left Behind by Government Policies 


2-2-1 The U.S. Process 


The prinicipal player in the greatest reconstruction of the 
Western countries after the war, the U.S. long held the position 
as a leader building a new world order. In S&T fields, as well, 
the U.S. tacak the lead in post-war technological innovation by 
makin, the most of its abundant natural resources and its human 
resources, which built up as a result of government policies that 
enabled an influx of excellent sceientists and technicians from 
Eurape and Asia. It 15 camman knowledge that the U.S. was 








Primarily the birthplace of the technological innovation in the 
1950’s and 13960’s that is called “the third industrial 
revolution." In the 1970’s, however, that technology development 
power entered into a period of stagnation, and the number of 
prominent technological innevations also declined. 


According to Masanori Yoshimi (Note 1), from the aspect of 
government policy-making, this technological evolution of the 
U.S. passed through three transitional periods. The first was 
when, in the middle of an intensifying cold war relationship 
between the U.S. and the Soviet Union after World War II, the 
Soviets were the first to launch a satellite into space. The so- 
called "Sputnik Shock" was a turning point: the U.S. put space 
development policies at the center of P&D; the intreduction of a 
Systematic F&D system and huge investments of capital and 
personnel commenced; the U.S. went as far as to Succeed in 
mankind’s first landing on and exploration of the moon in 1969. 
The second shift in policies started with the gqovernment’s taking 
a second look at the "Big Science" resulting from such tremendous 
investments of capital. The government’s involvement in F&D led 
to reductions in primarily the budget for space development; 
during the 1970’s it resulted in a nearly invisible increase in 
real government outlays for research expenditures. The third 
shift in government policies was when the Carter administration 
went back again to fortifying government assistance towards F&D 


Figure 2-2-1 Changes in Growth Rate of U.S. Research Expenditures 
Measured as Percentages of GNP 
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activities. The Peagan administration also followed alang the 
same route, resulting in F&D intensification policies being more 
expressly incorporated into policy programs. 


The effect oan the overall levels of R&D activities that these 
kinds of shifts in U.S. technology policies had are conspicuscusly 
evident in the F&D expenditures as a percentage of GNF, shown in 
Figure 2-2-1. The percentage of GNP was at a level of about 2.8% 
at the end of the 1960's; it showed a consistent downward trend 
during the 1970’s; by the 1980’s it began to rise again. Although 
the percentage was declining after 1986 or thereabouts, it was 
still at a high level in comparison with the 1970’s. 


As mentioned above, a salient feature of U.S. F&D activities is 
in the point to which they have been led by the gqeovernment’s S&T 
policies. Next we will analyze in more detail the gqovernment’s 
involvement in F&D activities. 


The Federal Government defrayed about 47% of all of the F&D 
expenditures in the U.S. in 1984. Although this percentage that 
the government bears is tending ta decline over the long term, 
the value of 47% is a high level in comparison with other 
developed countries. Furthermore, we can understand haw the 
organization bears a leadership role domestically: absut one 
fourth of the gqovernment’s share of F&D expenditure was used 
within the Federal Government and the rest was disbursed as 
Qrants and commission fees to carporations, universities, and 
research organizations. 


What 1S more remarkable about the make-up of government cutlays 
for F&D is the noticeably high percentage of basic research 
expenditures that are born by the government. In 1984 the 
government defrayed more than 65% af the costs of basic research, 
and the amount used inside the government was no more than one 
fourth of the tatal amount of its defrayments. In ather words, it 
is abvious that the government sector has an extremely impertant 
function in mainrveining the expenses for high-risk basic 
research. AS government support for basic research, assistance 
through the NSF and NIH, in particular, has come to fulfil a 
great role. Through the results of basic research, that support 
by the NSF and NIH has extended a widespread effect an the 
world’s S&T. We «can probably evaluate this as one of the factors 
that enabled the U.S. toa take the lead in post-war technological 


innevation (Note 2) 


That DOD-related budget amounts accecunt for a very high 
percentage «of gqovernment-defrayed F&D expenditures alse stands 
out, aS shawn in Fiqure 2-2-2. This can also be seen in the U.S. 
qavernment’s awn camparison of Japan and the U.S., shawn in 


_ 


Fiqure 2-2-3. 








Figure 2-2-2 R&D Budgets of the U.S Government 


Unit: One Billion Dollars 
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Figure 2-2-3 Government—Defrayed Research Expenditures 
By Objective (1985) 
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# “New Knowledge” includes general research in universities, but does not necessarily indicate basic research. 
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Takahira Wakasugi (Note 3S) points out that in weapons-related 
preqrams, which account for 7OKA af the Fentagan’s F&D budget, 
participation in private enterprises’ R&D 1s negative because the 


spilleaver inte cammercialization af the develaped technalagy is 
difficult. On the oather hand, although general F&D preagrams 
account for a small percentage af budget amaunts, they 
characteristically form the basis for commercialized technology 


and are significant as a way of fostering private-sector F&D. 
Examples of these in recent years include projects that are 
closely related ta high-tech fields: the VHSIC (Very High Speed 
Integrated Circuit) proaject, saftware technolagy, advanced 
materials develapment, supercomputer prajects, galiilum-arsenide 
semicanductar develapment, etc. The private sector has been 
actively participating in government F&D in such fields. 


Although goavernment-defrayed research expenditures have this kind 
af important support functian, since the end af the 13960’s they 
have been levelling off as a consequence af the previcusly 
menticned shifts in government policies. AS Shown in Figure 2-2- 
4, the gqovernment’s share af R&D expenditures fell fram about 65% 
in the 1'960’s ta about SOZ in 1975. 


Figure 2-2-4 Component Ratios of Research Expenditures 
in the U.S. By Source of Defrayment (7) 
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By lacking at the extent ta which the different sectors 
contribute tawards the grawth of F&D expenditures, the structural 
changes resulting fram changes in the anavernment’s share af 
defrayments became clearer. According to Figure 2-2-5, which 
shows the scape af cantributisans fram the qavernment and private 








sectors, since the latter half of the 1960’s there was a drastic 
reversal in the sizes of contributions from thase sectors. That 
the scope af government cantributians was influenced by the 
Reagan administratian, which increased defense F&D expenditures 
by more than 200% during the five years after 19580, is alsa 
evident fram this diagram. 


Figure 2-2-5 Degree of Contributions Towards the Increase of R&D 
Expenditures in the U.S. By Source of Defrayment (7%) 
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Note: Data from "SCIENCE INDICATORS" was calculated using the 
formula below. If FR is the total amount of R&D expenditures, 
and Ril and RZ are F&D expenditures from each seurce, then the 
rate of increase from a previous period, t-1, ta the present 
period 15s: 


The point that the overall level of F&D activities remained 
Sluqgish when the leadership af the government sector diminished 
in this way during the 1370's was already seen. Meanwhile, 
externally, the U.S. maintained its position as a leading country 
in the free-market economic sphere, during the 195970’s as well, 
thanks toa the R&D stack that it had built up as a result of 
gavernment-led technalagy policies up until the first half af the 
1960’s. Recently, hawever, because the international competitive 
strength of ather countries, starting with Japan, is increasing, 
the U.S. is forced by necessity to develop new geavernment 
policies for boasting its awn F&D strength. 








The Carter administration decided that accelerating F&D 
activities was essential for the recovery of U.S. industry’s 
international campetitive strength; it pushed fear refarms af the 
patent system and the tax system pertaining to R&D. The Feaqan 
administration that started in 1'9981 basically followed suit in 
R&D pramatioanal policies. However, policies fram the Reagan 
administration were based an the principle «af leaving private- 
sector R&D activities up ta market principles and were nat the 
kind of policies as thease in the past that involved strenqthening 
assistance. The Economic Receavery Act af 1981 had the effect of 
large taxbreaks for R&D activities but reduced annual 
expenditures for direct aid; qualitatively, it spelled sut up 
front the goal of building up military strength. As menticned 


before, the private sector could nat became active in these F&D 
activities with military sbjecvives; whether or not the Feaqan 
administratian’s technalegy pelicies cauld have eneaugh 


effectiveness is a delicate subject. 


Nates 1. Masanori Yoshimi "Japan’s Industrial Technology 
Poalicies" 1985 

2. For more about this concrete data, refer ta the Future 
Engineering Fesearch Institute’s "Study aon Metheds fir 
Camparing Japan with the Actual State of Statistics 
Related ta F&D Activities in Eurcape and the U.S." 1588 
Takahira Wakasugi "Econemic Analysis of Technological 
Innovation and F&D" 15986 
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In grasping the grewth process of R&D in the U.S., an 


inpenetratable point alang with the cantribution of gavernment 
R&D policies is the multi-national develapment in the private 
sector. This is cansidered ta be a premise of U.S. F&D strategy. 


This presumed basis of F&D strategy is clearly shawn in the 
technelagy exparts af the U.S., which helds the leading peasiticn 
amang the developed countries. As the structure af technalagy 
exports shawn in Fiqure 2-2-6 reveals, 80% of the export partners 
are affiliated companies caverseas; in the mid-1960'’s, exports toa 
affiliated campanies already ameaunted ta mare than 70%. 


Adequate consideration should be given tea the point that this 
Global develapment af the private sector is structuralized 
tagether with the basic research af the Federal government and 
the military research leadership. 


Toa the U.S., the develapment af a multi-national private sector 
and technalagqy transfer fram the U.S. to averseas affiliates 
played a great role in past-Werld War II receanstructian and in 

















Figure 2-2-6 Structure of U.S. Technology Exports 
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the industrial recovery af Eursape and then Japan. In Eurcpe, 
especially, the extent of thease cantributicens was large. 


This multi-national develapment due toa the U.S. has also had a 
great influence oan the Sauth and Central American regions. 


The relationship with Japan was a bit peculiar. As shown in 
Figure 2-2-7, if technology transfer transactians with overseas 
affiliates are excluded, the large weight af the value of 
technalagy transfer from the U.S. ta Japan is clearly evident. 


Looking at the correspeandence with Figure 2-1-2, we can see that 
the U.S. has behaved nably teaewards Japan as an averwhelmingly 
powerful technolagy-praviding cauntry, and that ta Japan, with 
that alone, the weight of its relaticonship with the U.S. is 
staqqering. 


Then, in the latter half af the 1580’s, Japan emerged as the 
U.S.'’s greatest technalcagy rival. That is because, as seen in the 
previaus section, Japan is maintaining a nearly equal positian as 
that af the U.S. in the relative ceamparisan af their F&D 


strenqth. 

























Figure 2-2-7 Structure of Technology Transfer To and From U.S. 
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Here, in the S&T policies of the U.S. the shifts of the Reagan 
and Bush administrations come to visit. The Federal Government’s 
S&T support policies, which are centered on military research as 
a result of the Reagan administraticn, have effected a recovery 

af the vitality of receeding U.S. industrial technology, and, as 
a Global strategy, they have started ta shift in a direction for 
coping with the post-cold-war structure. 





These policy requirements are the following: 





Pramating jaint international projects in space, high 
energy physics, the environment, etc. 








Strengthening the pratecticon of intellectual proprietary 
rights; eliminating unfair competition limitations 








The increase in the foreigners halding U.S. patent rights is 
something that hints at the next era. As shown in Figure 2-2-8, 





2-2-1 Japan’s Process 


Primary factors in post-war Japan’s realization of rapid techna- 
logical growth were the active introduction af technalagy from 
Eurape and the U.S., and vigorous R&D investments for the purpose 
af building upon the imparted technology ta create applied 
technoleaqy. This precess of technealoagical grewth in post-war 
Japan can be theught of as divided into three pericds: that of 
being qenerally dependent oan foreign countries for technology 
imports Cuntil the first half of the 1960's); the pericd when a 
conversican was seen in the industrial structure centered on the 
heavy and chemical industries (fram the second half af the 1960's 
until the Oil Shecks); and the pericd af invigorated F&D in high- 
tech fields ‘after the Oil Shecks). One af the aims here is tea 
take these chranaloagical divisions and give a rough sketch af the 
technalegical grawth processes that accurred. 


1. The peried af technelagqy intreduction Cuntil the first half of 
the 1960's) 


Past-war Japan’s technoleagy imparts were resumed in 1950 as a 

result of the enactment of the "Foreign Capital Law"; in that 

year, there were suddenly 76 cases of techneloqy imparts. The 

maccurrence of a special preacurement boom due ta the Karean War 
established a capital base in Japanese business, so afterwards 
technaleagy imparts were brisk. 


At first, Nowever, in accordance with the preavisions af the 
"Foreign Capital Law," technalagy imports were subject ta 
rigorcaus, case-by-case investigations cancerning the payments 
invelved, the tangible cantent af the technoalagqy, the effects 
that the imports would later have an the damestic ecanamy, and 
forth. With the revisions to the permissible standards in 195%, 
permission would be granted in principal as long as the 
technaleqgy import did nat adversely affect the damestic ecancamy. 
As a result, technology imports were much more brisk, reaching 
388 cases in 1960. 


if 


A high percentage of technology imperts during this pericd were 

chemical industrial products, general machinery, and electrical 

machinery; cantent-wise, there were many inneavative technologies 
such as nylon fiber and the transistor. 


It has been pointed sut since lang ago that the technol«aaqy 
imparts during this pericd were clasely linked with investments 
in plants and equipment fear the chemical and heavy industrial 
fields in particular, which had started ta grow as new industrial 
fields. In the early 1960’s especially, mast techneleqy imparts 
were related ts new investments in plants and equipment fer the 
chemical and heavy industrial fields. This energetic intraductian 
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af technalagqy that was linked ta the changes in the industrial 
structure then set the stage for independent F&D activities in 
the next periad. 


2. The period of Neavy and chemical industries (fram the second 
half of the 1960’s until the Oil Shacks) 


During this period the Japanese ecanoamy evalved into one based 
primarily on the heavy and chemical industries. Suppearted by an 


intermittently favorable business climate, ccarpeorate F&D invest- 
ments expanded rapidly. Fram the early 1960'’s anward, businesses 
came ta face the se-called "first research lab establishment 


baom," the objective af which was to achieve mare efficiency in 
equipping the independent research base and in F&D functicans 
(Nete 4). As a result, the level af F&D expenditures as a per- 
centage of GNF rose toa more than 1.5%, as shawn in Figure 2-2-9. 


On the ather hand, altheugh technaleaqy imparts were campletely 
liberalized in 1968, the degree of dependence an technolagqy 
imperts began to relatively decline, as shown in Figure 2-2-10, 
This trend points toa the fact that during the first half of the 
1560's the level af Japan’s technealaqy had nearly “caught up" 
with Eurapean and U.S. levels. There is already valid research 
pertaining ta this "catching up" peried (Nate 3S). 


At this time the percentage af Japan’s patents that were cawned by 
foreigners alsa decreased significantly. AS can be seen in Fiqure 
e-2-11, from 1955 to 1965 the percentage af patents owned by nan- 
Japanese remained at a level of about SS%Z, nearly the same as 
that af the 1920’s, but after 1965 it started toa decrease. 


In addition ta F&D in heavy and chemical industrial fields, 
large-scale F&D prajects in the fields of space and nuclear 
energy cammenced during this pericd. Businesses participated in 
these large-scale preajects under the leadership of the 
qgzuvernment. Because «af the spilleaver af F&D results fram these 
prajyects, the same kind of characteristic as that of the U.S. 
gavernment’s traditicnal technoaleaqy policies 1s seen. However, 
that scale is much less than that af the U.S. As shawn in Fiqure 
Z-Z2-12, the percentage «of Japan’s research expenditures that were 
defrayed by naticnmal and regional public groups shifted caver 
levels between 20% and 3SO% aver the lang term. Alsa, althcrugh the 


degree of contribution ta that growth rate rase about 10% fram 
1965 through 193975, it has been significantly less than the degree 
af cantributioan from the private-sector (Fiqure 2-2-1353). 
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Figure 2-2-9 Changes in Japanese Research Expenditures 
Measured as Percentages of GNP 
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Figure 2-2-10 Changes in Japan’s Dependence on Technology Imports 
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t Dependence on technology iaports = Voluae of technology imports / 
(Corporate R&D costs + Voluge of technology iaports) 





Data: International balance of payeents statistics, Bank of Japan 
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Figure 2-2-11 Percentage of Japan’s Patents Registered By 
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Patent Office’s Roundtable Discussion on Technology 


Figure 2-2-12 Component Ratios of Japan’s Research Expenditures 


By Source of Defrayment (%) 
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Figure 2-2-13 Degree of Contributions Towards the Rate of 
Increase of Japan’s R&D Expenditures, 
By Source of Defrayment (7) 
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Note: Data from “Survey of S&T Research® was calculated using the foraula below. If R is the total amount of 
R&D expenditures, and Ril and R2 are R&D expenditures fro each source, then the rate of increase from a 
previous period, t-1, to the present period is: 
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3. High-tech periead (after the first Oil Shack) 


The rise in eneray prices after the O11 Shecks gave momentum to 
the rapid shift in Japan’s industrial structure away fram mainly 
heavy and chemical industries ta fabrication and assembly 
industries. This change alsa affected the by-industry structure 
of cutlays for P&D expenditures. During the first half af the 
15970’s, the growth rate af the transpertatian machinery (1.e., 
automobiles, aircraft, etc.) industry’s F&D expenditures was 
high. In the second half of the 1570’s, though, there was a 
sudden increase in that growth rate for the communications, 
electranics, and electrical measurement equipment industries. 


On the ather hand, Japanese technaloqy experts ta develaping 
countries increased rapidly at this time, and Japan became 


invelved in competitive relaticonships in F&D activities with the 
develaped countries of Eurcape and the U.S. By the time the 1'5980’s 
errived, Japan entered inte the so-called "second research lab 


establishment boom," the asbjyective af which was ta promate the 
internaticnalizaticon af business, the develxapment of different 
industries Cworking as single large enterprise], and creative F%D 








activities; and private sector leadership in F&D activities 
became more markedly demonstrated. 


Netes 4. Fefer to the Government Industrial Fesearch Institute’s 
"Trends and Topics in Industrial Technology" 1988. 
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Jorgenson and Nishizimu "U.S. and Japanese Economic 
Growth, 1952-74: An International Comparison” 1578 


2-2-3 Korea’s Course 


When the Korean peninsula was divided into south and north after 
the Second Wearld War, industrial technoleagy was unevenly 
distributed in the northern region of Korea. Also, the south last 
mast af its few engineers as a result of the Korean War that 
broke out in 1950. Korea was placed under the worst possible 
canditions for acquiring technological growth. Nevertheless, the 
First Five-Year Economic Development Flan of 1962 marked a great 
turning point in the eveaelutian of Korea’s ecanamy, and 
modernization and industrialization began ta rapidly move 
forward. Here we will rely on the research of Boku and Meritani 
(Nate 6) to give a brief account of the economic and 
technological growth in Korea since the 1960’s and will lock at 
importance of technolegy imports in that ecoanamic development 
process. 


The basis of Korea’s technology policies during the 1960’s was ta 
rely on developed countries for technoalegqy, praductian 
facilities, and plant engineering, and then ta make use of that 
in efficiently advancing product exports and impart substitutes. 
Based on these policies, Korea processed imported raw materials 
and intermediate praducts and then exported the resulting 
products; alsa, by applying these towards domestic demand fer the 
purpease of import substitutes, rapid growth in the preaductian and 
export of labor-intensive light industrial products became 
p-assible. 


On the ather hand, in arder to achieve gqreawth in advanced 
techneloagy, while Karea expanded its plant engineering 
capabilities and its metal-processing machinery industries, there 
was a Gradual canversian from preductian equipment imperts te 
technolegy imports. In 1961, provisions of the "Fereigqn Capital 
Encouragement Law" relaxed the restrictions on foreign capital, 
and, with the normalization of diplomatic relations with Japan 
during the same year, FKorea’s technology imports suddenly 
increased (Note 7). 
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Furthermore, a target was set for the light-industrial sector to 
become at least 50% self-sufficient in production technolagy; an 
the other hand, advanced technalcaqy needed for the heavy and 
chemical industries would continue to be imported. This kind of 
plan aimed at 100% technological self-sufficiency in the light- 
industrial sector in the early 1970’s; it promoted technology 
exports in the heavy and chemical industries as well, except for 
some advanced technologies; and it called far having the 
capabilities for selling patents and technelogical know-how. 


Actually, because there was an apparent limit in the 19370’s toa 
the industrialization and growth in exports by light industries 
alone, government policies emphasized the heavy and chemical 
industries. As a result, the relative weight of heavy and 
chemical industrial production increased from 32% in 1972 toa S1% 
in 1981. However, as far as technological growth is concerned, a 
Similar rate of progress was not made. Through the 1960’s, when 
labor-intensive industries were becoming export-oriented, nat 
only was the required level of technology low, but because 
virtually all technelogy was brought in to be incorporated into 
production facilities, it was not necessary toa stress technolagy 
acquisition or domestically caping with improvements upon or 
develapment of technology. Nevertheless, even when the structural 
transition to high-class technology became unavoidable, the 
transition was still not dealt with adequately, and anly 
excessive investments were made in heavy industry. Consequently, 
the internalization af technolagical know-how was extremely late. 


Industrial policies,through preferential financing and loans, 
afforded businesses conditicans that enabled the easy pursuit of 
profits. As a result, it breught about a business environment 
that did not place any special importance on the develapment of 


technalogy. Furthermore, because monapealisitic or osliqepoelisitic 
systems were encouraged in an attempt ta rationalize the scale of 
preaeduction, the building of a free-competitian system based an 


technaloagqical supericrity was hindered. Ta make matters werse, 
businesses had to neglect technoleqy development, which is a 
lang-term investment. because of the high inflation rate and high 
interest. 


In such an enviranment where the desire to independently develop 
technology was suppressed, advanced technoaloeq’' cantinued ta be 
imported from overseas. In the previscusly menticned "Foreign 
Mapital Enccuragement Law," the objective af which was to cantrol 
the increase of payments toa foreiqn countries, the 13969 and 13973 
revisions added strict requlatory canditions for technalagy 
imports, but since 19378 liberalization policies to relay 
requlaticns were implemented. First, the scape of auteamatic 
authorizations was successively expanded; when the "Foreign 
Capital Encouragement Law" was revised in 13984, the autherizatican 
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Figure 2-2-14 Numbers of Technology Import Contracts in Korea 
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Figure 2-2-15 Changes in Korea’s Research Expenditures 
As Percentages of GNP 
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system in use up until then was converted into a netificatian 
system (Nate 8). As can be seen in Fiqure 2-22-14, the number af 
technoalcay imports increased by leaps and bounds as a result af 
these liberalization policies. The setting up of a patent system 
after 1970 alsa accelerated that increase. 


With the liberalizatian af technoalagy imperts as a turning point, 
Korea’s F&D activities have alse became mare vigarcus. AS shawn 
in Fiqure 2-2-15, the percentage of GNF spent an F&D has been 
rising rapidly since the 15380’s. 


Much of this increase in F&D expenditures is barn by the private 
sector. During the 1370's, the percentage of F&D expenditures 
defrayed by the private sectar was at a level between 30-35%, but 
in 1981 it roase to about 607%, and in 1586 it reached a level of 
mare than 80% (Figure 2-2-16). Alsa, the percentages caf 
cantributicans ta that increase by the government and public 
sectcar and by the private sectar underwent a reversal fram the 
1970's through the 1980’s (Fiqure 2-2-17). This increase in the 
R&D strength af the private sector is starting to Bring abeaut a 
change in the situation where more than 80% af Korea’s patent 
applications are from foreign countries; the percentage af Karean 
applicants is starting toa increase, as shawn in Figure 2-2-18. 


Figure 2-2-16 Component Ratios of Korea’s Research Expenditures 
By Source of Defrayment (7%) 
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Figure 2-2-17 Degree of Contributions Towards the Rate of 
Increase of Japan’s R&D Expenditures, 
By Source of Defrayment (7) 
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Note: The following formula was used on data taken from the "Korean S&T Yearbook." If R is the total amount of 
R&D expenditures, and Rl and R2 are R&D expenditures from each source, then the rate of increase froa a 
previous period, t-1, to the present period is: 
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Figure 2-2-18 Comparison of Korean and Foreign Applicants for 
Korean Patents 
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Data: "Korean S&T Yearbook" 1987 














Friam the above we can see that the activation of F&D activities 
in Korea during the 195980’s unfalded under the leadership af the 
private sectear and that it serves to supplement imported 
technoaloagy. 


In recent years it is said that in Korea imported technalagy 15 
undergoing madel-impravements and ather such changes and 15s 
Gradually taking root. Fram naw on, however, in order toa 
establish serious horizeantal internaticnal specialization systems 
with develaped countries, Korea will have toa emerge from its 
predispasitian tawards depending on imported technalaqy. Feqarded 
as the foundation of Korea’s S&T policies, the "Long-Term 
Develapment Plan fear Science and Technalagy Oriented Tawards the 
2000's (€1987-2001)" has as its objective Korea’s actual entrance 
by the year 2000 inta the technalagically advanced countries; it 
holds up all policies whase purpese is ta actively pramate 
independent R&D. 


Reference: Korean Technology Imports By Trading Partner (1962-86) 


U.S. Japan W. Geraany France Other Total 
Nuaber of cases 981 2,199 215 128 §=6532)—s 4, 055 


Aaount of payeents 791.6 527.2 1.2 50.6 309.3 1,749.8 
(aillions of dollars) 


Netes 6. Uhire Boku’s and Masanori Meritani’s "Economics of 
Technalagy Assimilatian"” 13982. 


7. Laaking at the cauntries fram which Foarea imported 
technoalagy between 13962 and 1386, Japan accounted far 
34.2%, the largest share. In terms af the amount of 
rayalty payments for the technalcqy imports, however, 
the U.S. had the largest share, 45.2%. That is, the per- 
unit price af technaleaqy imperts fram Japan is 
relatively law. Japan stands caut as a major trading 
partner af Koreas in all major areas--qgeneral machinery, 
electrical machinery, chemicals, etc.--mere than SOX af 
Karea’sS imports are fram Japan. 


8. For information about the vicissitudes of palicies an 
technalagy imports, see "The Foles of Technaoloaqy Imports 
and Government" by Fim and Li (NIFA Policy Fesearch 
1988, Vol 1). 


3. For an overview af Korean S&T policies, see Kim’s "S&T 
Falicies af Farea" (Future Engineering Fesearch 
Institute, "IFTECH NEWS" January 1389). 








2-2-4 Thailand At Present 


The ASEAN country Thailand follows the U.S., Japan, Korea, and 
NIES countries such as Taiwan. 


As seen in Chapter 1, the basic structure of Thailand’s 
technolegical state of affairs is ruled by technology imports and 
investments from overseas. 


Althaugh Thailand has been implementing five-year-long naticnal 
sacic-econamic development plans since 1962, the impeartance af 
S&T policies has only been recagnized since 13977, when the fourth 
plan was bequn. The siqnificance af S&T was made clear in the 
fifth and sixth plans, the first time that the utilizaticn and 
develapment af S&T were formally menticned as goals. 


Drawing up policies related ta the arts and sciences started in 
1949; in these accomplishments varicus organizaticns were 
successful, and several were established sca that they would 
become successful. Although this indicates that Thailand’s 
national develapment is heavily dependent an S&T, emphasis was 
placed an educatian in the S&T policies of the past, as seen in 
the bread curriculum reforms af 1970. 


As mentioned before, a part af the ecanomic recanstructicon af the 
fifth plan 61982-1986) was the first time that S&T policies came 
ta be reqarded as important. 


These plans emphasize the importance, with respect ta natianal 
develapment goals, af strengthening S&T research organizations, 
impraving the quality af research persannel, and priamating F&D 
activities. In concrete terms, the following kinds of policies 
were drawn up. 


1. Government policy quidelines 

- Expanding useful technology; the careful selectian, 
improvement, and damestic applicatian af imported 
technology; develapment af independent technology fear 
improving productivity and for effective utilizatican of 
resources. 

- Strengthening and impreving the S&T base by centralizing 
research persannel, research organizations, technolagy 
transfer centers, S&T data centers, etc. 

- Pramating the activation of private- and government-run 
enterprises by the effective and practical utilizatican of 

‘, technology for impreving productivity; disseminating S&T 
and previding instruction ta the pecple. 

- Strengthening international S&T cooperation through 
informatican exchange, technology transfer, etc. 
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=. Plans and quides 
- Gathering the basic data needed for technealagqy develapment 
- Pramating technology imparts 
- Improving the efficiency af domestic S&T research 
- Strengthening resources and making them more fluid 
(particularly research persannel) 


- Reforming product standards and quality cantreal Cineluding 
internaticanal standards and testing methads) 
- Developing demestic engineering cansultant services 


- Raising the standards of S&T informatiaon systems 

- Pramoating technology transfer within Thailand 

- Making the preacess af drawing up science policies mare 
advanced 

- Strengthening international S&T cocoperatican 

- Disseminating S&T and providing instruction ta the pecple. 


The main objectives af the sixth plan (1987-1991) are salving the 
saclia-ecanamic prablem points that previcus plans did not deal 
with adequately, and further pramatian af naticnal development. 


Since 1980 Thailand’s technology imports have sudden expanded 
(Fiqure 2-2-1939), reaching a level af 2.1 billion bahts in 1985. 


Figure 2-2-!9 Thailand’s Technology Imports 
Cin 100’s of Millions of Bahts) 
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The Thal government has been desperately pramating policies that 
attempt to make technology imports more positive, te abserb this 
technelagy and then form the country’s own technolegical base, 
and to raise the level af F&D strength. 


Nevertheless, Thailand’s policy-type coping is net necessarily 
without problems; neither is it systematic. AS can be seen in 
Figure 2-2-20, the great deviatian in the S&T-related government 
budgets perhaps symbolizes the graping that is gaing an at the 
policy-making level af the Thai government. 


Figure 2-2-20 Thailand’s S&T-Related National Budgets 
Cin 100’s of Millions of Bahts) 
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Because Thai F&D is heavily dependent upan goavernment leadership, 
this "qgraping" will became an even larger preblem. As shawn in 
Figures 2£-2£-21 and 2-22-22, government organizations actually 
defrayed more than 64.3% af the 13586 expenditures for F&D, of 
which government organizations’ research bodies used 391.3%. 


Fig. 2-2-21 Thai R&D Expenditures By Source of Defrayment (1986) 
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Figure 2-2-22 Thailand’s R&D Expenditures By Research Body (1986) 
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# Thailand's total amount of R&D expenditures vas 2.14500 billion bahts; Korea’s was 1.5232 trillion won 


Data: "Korean S&T Yearbook’ 1987 


Thailand Science & Technology Indicators 1987 


There is quite a contrast between Thailand and Korea in the 
comparison af R&D expenditures by research bady. 


In Thailand’s case, a structure is seen that resembles the 
dilemna where, even though policy-type leadership by the 
government facilitates growth in the private sector, that 
cantribution to private-sector R&D is still only a little bit. 


Historically, whenever a nation fosters its industries and tries 
tao form a scientific and technelegical base, powerful policy-type 
initiatives always come into play. Such was the case with Japan 
and Korea. Thailand’s situation certainly symbolizes that fact. 
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2-3 Structural Changes in International Relationships 
2-3-1 Important Factors in Cooperative Relationships 


Here we will return to the internatianal relaticanship madel af 
R&D activities that we established in the apening section of this 
chapter. In light af the concrete growth processes discussed in 
the previous section, we will take into c&nsideration the 
present-day international situatian. 


First of all, it is clear that, from the end of Warld War II 
until the first half of the 1980’s, international politica- 
econamic relationships, in which the U.S. was the leading 
country, were such that technology transfer was the center araund 
which virtually stable cooperative relaticnships were maintained 
in scientific and technological F&D activities. The four mast 
important factars in being able to maintain such long-term 
cooperative relationships are as follows: 1) In the FP&D. 
activities of the U.S., as the leading country, public-sectoar- 
based support through the NSF, NIH, DOL, and ather such 
organizations played a great role; basic research results that 
had the nature «af public property were produced; and the 
resulting scientific and technical knowledge accelerated the 
activation of worldwide F&D. 2) The evealutioan towards a global 
market that was due to the tremendous vitality of the leading 
country’s private sector made internaticnal technology transfer 
smoother. 3S) In the R&D activities of a country such as Japan, 
which is a late starter in its relaticnship with the U.S., 
positive developments could be made aut of the technolaqy imparts 
fram the leading country because the group that demanstrated its 
leadership abilities was the private enterprises that made their 
fartune on applications and development. 4) As a result of 


Qoverr ant initiatives, countries starting much later than the 
U.S. «1d Japan--Korea, Thailand-~-are makirg their technology 
imports fram the leading ccuntry and fram late-starting Japan 


pasitive, and are putting their energy into the farmatian af a 
private-sector F&D base that will suppert industrial growth. 


2-3-2 The Manifestation of Competition and the Future 


The international relationship madel of the opening sectian 
establishes the campetitive and cocperative relaticanships as 
important functions. Now, in order tea think about the current 
Cstate] and future of international relationships, althcugh we 
have already seen it in Chapter 1, we will take another lack at 
the trade trends of hiqh-level-F&D-intensive industries fr 
different countries. 


As shawn in Fiqure 2-3-1, in 1970 the U.S. share of exports fram 
hiqh-level-F&D-intensive industries amaunted ta SO%; Japan’s was 
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only 8%. However, 15 years later in 1985, Japan’s share af those 
exports rose 10%; canversely, the U.S. share last 3 percentage 
points. Locking at the trade balances shown in Figure 2-3-2, 
there was a significant decline in the margin of the U.S. trade 
surplus from 1980 through 1985, while Japan’s grew rapidly after 
1975; by 1985 Japan’s trade surplus was much greater than that of 
the U.S. 


Figure 2-3-1 Export Shares in High-Level-R&D-Intensive Industries 
By Country (2%) 
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Data: UNITED NATIONS “Trade and Development Report, 1987 ~ 


Fram this data the relative decline in the U.S.’s pasition as the 
leading country is evident. And, this drop in the U.S.’s positian 
can be seen as leading ta the instability of the previous kind of 
past-Werld War II ceaaperative relationship that revolved around 
the flow and transfer of scientific knowledge and technology 
centered an the powerful nation, the U.S. It can be thought af 
as becaming an important factor in the manifestation of 
competitive relationships. Mare than anything else, the 
manifestation of trade disputes and intellectual property rights 
prablems symbolizes this instability. 


Coping with these kinds of structural changes in the 
international relationships securring in F&D activities, and then 
maintaining a balance between the cooperative and campetitive 
relationship axes are probably extremely difficult policy-making 
problems far any country. What can alsa be taken inte 
consideration fram the madel established in the apening sectinn 
is that, by promoting joint research--and other such activities 
that are nat shackled by a single country’s policy framework--it 
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yields new research results that have the nature of public 
property, and the smocth international transfer of those results 
may become a solutian method in coping with structural changes. 
For example, various attempts towards inter-government-—level F&D 
cooperation are already being made in Japan as well (see Attached 
Lists 2 and 3); we are heading towards the formation of a new-age 
framework for campetition and coacperatian. 


With the 1992 EC unification near at hand, Europe is also about 
to go through same great changes. At ancather opportunity we would 
like to conduct a detailed investigation of international 
relationships that also include Eurape. 


Figure 2-3-2 Trade Balances in High-Level-R&D-Intensive 
Industries, By Country 
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Chapter 3. Internationalization of R&D Activities in Business 


With increasingly higher incentives for overseas investments 
owing to both the advancement of Japan’s corporate F&D and the 
changes in the external ecanemic environment, it has became 
apparent that there are many businesses among the large 
manufacturing companies that are striving for active overseas 
development, with respect tea not only production strengpoints but 
R&D strangpoints as well. In this chapter, we will give an 
overview of overseas F&D activities in terms of the new modes af 
these activities, basing this on existing research statistics and 
the aqgregate statistical results of the "Internatianal F&D 
Trends Questionnaire Survey" that was carried cout last year. 


3-1 Locations of Overseas Research Labs and State of Activities 


Table 3-1 shows the state of F&D activities in the averseas sub- 
Sidiaries of Japanese businesses based on data taken fram MITI’s 
"Basic Investigation of Overseas Business Activities" (Neate 1). 


According to this investigation, the businesses surveyed had a 
total of 119 overseas research labs in FY 1986; researchers 
numbered 3,155; F&D expenditures were about 57.7 billion yen. F&D 
expenditures amounted ta 0.1% af the overseas subsidiaries’ 
sales. This percentage is much lower than that for the main 
offices, whose F&D expenditures were 1.3% af their sales volume. 


For different types of industries, obvious deviaticans in the 
level af overseas F&D activities can be seen. That is, the scale 
of R&D expenditures of those industries that are reqarded back at 


home as R&D-intensive--chemicals, general machinery, electrical 
machinery, transportation machinery~-is greater than that of 
ether types of industries. The ratia of F&D expenditures ta sales 


volume far the farmer is also getting higher. We can say that 
these kinds af industries are evalving as F&D-intensive 
industries abroad as well. 


In a trial calculation for these four industries, the chemical 
industry had 22.6 researchers per lab; general machinery, 26.4; 
electrical machinery, 38.4; and transportaticn machinery, 28.7. 
Except for the slightly larger number of researchers in 
electrical machinery labs, there were na cutstanding differences 
in the size of research labs for these types of industries. With 
respect to R&D expenditures per researcher, however, the chemical 
industry spent 13.3 million yen per researcher; qeneral 
machinery, 16.9 million yen; electrical machinery, 18.6 million 
yen. The transportation machinery industry’s F&D expenditures 
were naticeably high: 76.5 million yen per researcher. 








Even among the industries that are generically referred toa as 
RF&D-intensive, we can see that there are broad differences in the 
patterns of F&D resource investments. 


Table 3-1 State of R&D Activities in Overseas Subsidiaries of 
Japanese Businesses 


Nuaber Nuaber of R&D expenditures R&D expenditures/ 





of labs researchers (@illion yen) sales (2) 
a ee 119] 3,153] 57,653 0.1 
Manufacturing industries 88 2 463 43, 553 0.4 
Food products 9 6 6 > 
Textiles 4 24 61 . 
Wood, paper, pulp 2 20 65 0.1 
Chemicals 18 406 5, 394 0.7 
=a 2 396 501 0.1 
Nonferrous setals 9 12 98 0.1 
General eachinery 1] 990 4, 654 0.6 
Electrical sachinery 20 767 14, 283 0.4 
Transportation @achinery 6 172 13, 155 0.8 
Precision @achinery 5 49 377 0.1 
Petroleus & coal products 0 0 0 0.0 
Other aanufacturing industries 16 321 4, 959 0.5 




















Note |. These investigations, the objective of which is to grasp the actual state of overseas business 
activities of Japanese enterprises, were carried out every three years since 1981. Results of the 
third investigation, a survey for FY 1986, are the newest data that is currently available. The nuaber 
of overseas corporations that responded to the third survey is reported to be 4,579 companies. In the 
survey data from the year before, data of the second investigation was analyzed, but because the 
response conditions vary for each investigation, it is thought that in a chronological comparison the 
data from the year before would not fit in. 


Data: MITI “Third Basic Investigation of Overseas Business Activities" 
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3-2 Comparison with Foreign Affiliates 


Next we will compare the R&D activities of overseas Japanese 
subsidiaries toa those of companies in Japan with foreign capital 
affiliations. 


Taken from the data in MITI’s "Trends in Foreian Affiliates" 
(Note 2), Table S-2 is a collection of indicators, similar toa 
these in Table 3-1, pertaining to F&D activities in 1988. 


According to this data, there are 144 research labs of foreign 
affiliates in Japan with about 7,800 researchers; F&D 
expenditures are about 100.3 billion yen. The ratio af F&D 
expenditures to sales is 0.9%, indicating a higher level of F&D 
activity than that of oaverseas Japanese subsidiaries. 


The 54.4-researchers-per-lab figure seen in the industry totals 
is much greater than the industry-teotal data for overseas 
Japanese subsidiaries (26.5 researchers per lab). However, the 
industry-tatal fiqure for foreign affiliates’ per-researcher F&D 
expenditures is 12.8 million yen, slightly lower than the 18.3 
million yen per researcher for overseas Japanese subsidiaries. 


If we pay attention to the aqgregate values of F&D-expenditures- 
te-sales ratios accarding ta the types of industries, the point 
that F&D-intensive industries--chemicals, pharmaceuticals, elec- 
trical machinery--shew high percentages leads us to believe that 
these have the same characteristics as Japanese companies in F&D- 
intensive fields. However, for foreiqn affiliates, it is noted 
that the ceramics and stone, metal products, and precision 
machinery industries alsa show high percentages. On the other 
hand, although the transportation machinery and general machinery 
industries show relatively high F&D-expenditures-ta-sales ratias, 
those levels are slightly below average. 


The patterns of investments in F2:D resources vary widely 
according toa the type of industry. Lacking at pharmaceuticals and 
electrical machinery, the types af industries with the highest 
R&D-expenditures-to-sales ratios, there are 56.2 researchers for 
mane pharmaceuticals lab and 23.6 million yen spent an R&D for 
each researcher, whereas electrical machinery labs have a 
surprisingly larqer number of researchers, 2£51.3 researchers per 
lab, but they spend only 7.2 million yen per researcher on R&D. 


Althcugh Japan has a Superior positian in machinery-related 
industries when coampared with other developed countries, it has 
nat acquired as much superisrity in chemicals and pharmaceu- 
ticals. So, the data above suqgests that the incentives for 
foreiqn affiliates to proamete F&D activities in Japan vary widely 
depending on the type af industry. 





Table 3-2 State of R&D Activities at Foreign Affiliates in Japan 


Nuaber Nuaber of R&D expenditures R&D expenditures/ 
of labs researchers (sillion yen) Sales (2) 
































All industries 144! 7,836 | 100, 294 0.9 
Manufacturing industries 112| 7,164 90, 678 1.3 
Food products 4 73 1, 385 0.7 
Textiles 0 0 0 0.0 
Luaber and wood products 0 0 0 0.0 
rulp ane paper 1 243 0.3 
Publishing and printing | 0 | 0 l 0.0 
Chesicals | 47 | 1, 377 16, 712 1.5 
Phareaceuticals 26 | 1, 462 34, 467 4.9 
Petroleus | 6 | 648 4, 350 0.2 
Rubber products | 5 | 21 | 97 | 0.0 
Leather products | 0 | 0 | 0 0.0 
Ceragics and stone 9 37 | 783 l 5 
Iron and steel | 0 | 0 | 0 0.0 | 
Nonferrous aetals 3 | 203 | 364 | 0.1 
Metal products | 7” 30 374 2 4 | 
General machinery | Y | 34 4, 116 0.8 
Electrical sachinery | 12 | 3, 016 91. 852 3.2 | 
Transportation @achinery 9 | 75 1, 921 0.7 | 
Precision @achinery 3 | 177 | 3, 015 1.7 
Weapons | 0 | 0 : 0 0.0 | 
Other @anufacturing industries | 0 | 0 1, 068 0.7 Y 




















Note 2. These investigations have been carried out every year since 1967. Based on this survey data, the 
report for the previous fiscal year is a tige-series study of R&D activities of foreign affiliates. 
3. The pharmaceutical industry is classified under the chemical industry in the “Basic Investigation of 
Overseas Business Activities." 


Data: MITI “Twenty-Third Trends of Foreign Affiliates* 

3-3 State of Activities By Region 

Next, we will leok at the state af F&D activities in the averseas 
research labs af Japanese businesses according ta the reqians in 


which the labs are located. 


Fram the trends in the leeatians af averseas research labs, as 
shawn in Figure S-1, we can point sut the follewing points: 


1) Nearth America has the larqest number af Japanese research 
labs (46), af which £1 are based an nen-manufacturing 


industries, e.q., cammerce, services, etc. Of the manu- 
facturing-industry labs, thase for general machinery (39 labs) 
and electrical machinery ¢7 labs) are comparatively numercus. 


z=) Asia has the next largest number (43 labs). The research 
lab sites in Asia center aon the chemical (12 labs), 
electrical machinery (21 labs), and "ather" manufacturing 
(13 labs) industries. 

3) There are 17 Japanese research labs in Eureape that are 
dispersed among different types af industries. 

4) In bath Oceania and Central and Secuth America there are less 
than 10 labs. However, the research labs established in 
these regicans are for the types of industries nat seen in 
mther reqians, e.qg., agriculture, forestry, and the fishing 
industry (Oceania); mining (Oceania and Seauth America), etc. 


Fram Figure S-2, which sheaws F&D cutlays in these labs by type af 
industry, we can point oaut the fallawing regianal differences: 


1) FP&D sutlays in Nerth America are about 28.4 billion yen, 


noticeably higher than these ather regicans. If the cammerce 
and service industries are excluded, F&D-intensive industries 
accaunt for a large share af F&D cautlays: electrical 


machinery, 33.3%; transpertatican machinery, 18.'9%; and 
general machinery, 12.7%. 

2) R&D autlays are the next largest in Europe Cabout 16.6 
billion yen), where these for the electrical machinery 
($4.62%), "other" manufacturing (27.8%), and the chemical 
(17.0%) industries are high. 

3) R&D csutlays in Oceania and Central and Seauth America are each 
about 1.2 billican yen. The types of industries that account 
far relatively high distribution ratios in the by-type-cf- 
industry shares are neat found in ather regicns. 











Overseas Research Labs of Japanese Businesses 


Figure 3-1 
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3-4 Important Factors in the Implementation of Overseas R&D 


Next, we will cutline the kinds af factors involved in Japanese 
businesses’ implementation of overseas F&RD activities. 


First we will examine the relaticnship between cverseas F&D 
activities and the degree of techneloagqical dependence an the 
regican where those activities are carried out. Table 3-3, the 
data of which is taken fram the "Basic Investigation of Overseas 
Business Activities," shows, as the degree af technealagical 
dependence aon lecal businesses, the percentages af caverseas 
Subsidiaries whase technoleqy is precured mainly fram local 
businesses, by industry and by reqian. 


Table 3-3 Degree of Overseas Subsidiaries’ Technological 
Dependence on Local Businesses (7%) 
North Central & 
Total America S, America Europe Asia  Qceania 


























—= 61} 184) 65] 1.7) 1a] 167! 
Manufacturing industries 4.6 16.2 74 6.3 0.9 14.3 
Food products 43.8} 85.7 X X 0.0 x 
Textiles 1.6 | { | 0.0 X 2 | i | 
Wood, paper, pulp | 23.5] 40.0 | X | K/ 0.0) 50.0 | 
sats | 7.7) 188) 333) 125) oo} Xx! 
Iron and steel | 8.6 | ll. 1 | X X 4.5 t 
Nonferrous aetals | 16.7 | X | X X 0.0 X 
anal amhiners | 5. 6 | 12.5 0. 0 | 33. 3 | 0.0 | X 
Electrical eachinery | Lo} 83! 00; 00; O80); 0.0, 
Transportation aachinery Ld) 0.0 | 8.3 | 0.0 : 0.0) 0.0 
Precision aachinery 0. 0 0. 0 X | 0.0 | 0.0 K 
Petroleua & coal products 0.0 X X X | X X 


41 53 08.0 91, 25. 0.0 


Other @anufacturing industries’ | | 





# These the percentages of companies who replied that their technology is @ainly procured fro@ local 
businesses. 

# "{" indicates that there were less than three samples for that kind of industry in that region. 

Data: MITI “Third Basic Investigation of Overseas Business Activities” 











Accarding ta this table, North America is the region where, 
throughout all industries, there is the highest degree of tech- 
nalogical dependence an lacal businesses. Hut the degree of 
technological dependence is alse high in Oceania, where F%D 
outlays are relatively small. Looking at ranking correlatians 
between the level of R&D activities and the deqree «of tech- 
nological dependence is difficult. However, if we lock at this 
accarding ta the different industries, F&D-intensive industries 
where relatively large F&D cutlays are oabserved--chemicals, 
electrical machinery, transportation machinery--deo not rely 
heavily on local businesses for their technolagy, whereas there 
1s a high degree af technealegical dependence in the fields that 
are heavily reliant aon lacal raw materials and resources such as 
food products, lumber, paper, and pulp. It generally folleaws that 
we can vlew cutlays for averseas F&D as a substitutian, nat a 
supplement, for the introduction af technology from lacal 
businesses. In ather wards, the main factors underlying the 
implementation af averseas P&D have to da with motives eather than 
direct technology introductian from the regian. 


Figure 3-3 Reasons for Establishing Overseas R&D Strongpoints 
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According toa the aggregate results used in this research study 
from last year’s "International R&D Trends Questionnaire Survey" 
(valid samples collected from S345 companies, effective recavery 
rate 23%), there was a noticeably large number of campanies that 
gave the following three reasons for establishing overseas F&D 
strangpoints: "to search for leading-edge seeds" (81.07), "to 
facilitate the development of products that meet the needs of the 
market" (76.2%), “ta utilize local personnel, facilities, and 
equipment" (63.1%) (Fiqure 3-3). 


The suitability of the results of this investigation can be 
canfirmed with data from other questionnaire surveys. Far 
example, in the "R&D Internaticnalization Questionnaire Survey" 
that the Nihon Keizai Shimbun Company carried out in 1988, the 
three highest percentages of replies ta the question af why the 
company was establishing overseas P&D strongpoints were: “it is 
easy to obtain overseas F&D information," “develapment af 
products that meet the needs of overseas markets can be 
promoted," and “it 1s easy to employ excellent foreign 
researchers." 


In chemicals, electrical machinery, transportation machinery--the 
R&D-intensive industries--absorbing lacal technology is not the 
objective in the R&D development resulting from the establishment 
of overseas research labs by Japanese businesses. The objectives 
are either to grope in the direction towards independent F&D oar 
ta cope with the type of development that grasps the needs of the 
local market. Furthermore, those industries are clearly canscicus 
of the utilization af local persannel and other resources far 
those purposes. 


From the data above we can surmise that with businesses there is 
a tendency to scatter F&D strangpoints and a tendency to use 
strateqy, namely new F&2&D development that results fram the 
utilization af non-Japanese persannel, wha have different 
cultures and traditions and whoa are expected to have a different 
concept of and appreach ta S&T. In that it is evident that 
business is pushing for more direct cooperatian, on par with that 
of the U.S. and Eurape, in its objectives, i.e., searching, and 
caping with market needs. 


3-S International Exchange 

In the situation where research labs are lacated overseas far the 
purpose af carrying cut searching-type R&D, it is clear that the 

abjyectives are of the same nature as thase of international joaint 


research and other such international exchange by businesses. 


Fram the “Questionnaire Survey" mentioned previously, abeut 71% 
of the businesses surveyed replied that "searching for leading- 
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edge seeds" was their reason for implementing joint international 
research, and about 68% answered, "to facilitate development that 
carresponds ta the market," as shown in Figure 3-4. 


Figure 3-4 Reasons for Implementing International Joint Research 
(All Samples) 
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A: To search for leading-edge seeds 
Bs: To facilitate development that corresponds to the aarket 
Cs: To alleviate the burden of R&D expenditures 
: To disperse the risk involved in research 
Es: Other companies are active 
: Demands from partner 
Gs: Joint research in Japan is difficult 
: Other 


More sa than the abjective of introducing technoaleqy that is 
awned by foreign companies, the abjectives af internaticanal 
exchange in Japanese businesses’ F&D are primarily toa exchange 
infarmation and kneaewledgqe fer the purpose of subsequent F&D 
evolution and then fear the ensuing technology development. 


It 15 easy ta assume that the exchange of people plays a crucial 
rale in this. 


Actually, according ta the "Questionnaire Survey" mentioned 
previously, about 45% af the businesses that responded said that 
they have had the experience af exchanging researchers. And, fram 
their csutleaks for the future: 
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75% of the businesses that respended foresee an increase in the 
exchange of personnel with foreign countries. 


We can say that this indicates an attitude that will actively 


take on the challenge of activating F&D by exchanging peaple with 


foreign countries sa that internaticnal exchange in the future 
will promete searching-type and market-needs-qrasping-type F&D. 


The internaticonalization of R&D activities is changing: instead 
of dealing with the introduction and acceptance of overseas 
technology, it deals with trying to form a "spat" for creating 
new scientific knowledge and technoaleagy that is based aon direct 
exchange with researchers from overseas. 


We can say that Japan’s F&D that has unfolded under nan- 
gavernmental leadership is establishing a new era through this 
kind of direct overseas exchange by businesses themselves. 











Chapter 4. R&D Interrelationships 


In the investigations of the previous chapters we supposedly 
leaked at the relative retreagqressian of the U.S. position as an 
international F&D center, the cancurrent spread of F&D strong- 
points to Japan and Europe, and ather such changes. In this 
chapter, we will explore how interrelationships among these F&D 
activities manifest themselves and what kinds of backgrounds lie 
behind those changes. 


We thought that the circumstances surrounding those changes would 
come mare clearly to the surface in the technolaqy domains that 
have suddenly emerged in recent years, more so than in technology 
domains that are already in the mature stages. Sea, the foallawing 
major, leading-edge S&T fields were the subjects of this 
investigatican: 

1) computer science 

2) the life sciences 

3) superconductors 


The aerospace field, which is a leading-edge S&T field while at 
the same time one that necessitates international cooperation, 
was also a subject in this investigation. 


4-1 Changes Seen in the Field of Computer Science 


4-1-1 Changes Seen in the Numbers of Research Papers 


Here we will conduct an international camparison of the numbers 
of research papers in the field of camputer science, which we 
define as those fields pertaining to computer hardware, computer 
software, applications, cantral technoalegy, and systems and 


control theory. 


Figure 4-1-1 shows the changes in the numbers of research papers 
in the field of camputer science, based on the definition above, 
with respect ta the five developed ccuntries. 


As is clear from this diagram, the U.S. is preud of the over- 
whelming scale of the number of its computer science papers in 
camparisean with the eather countries. From 1977 toa 1989 it has 
been cansistently publishing five times more papers than the 
ether cauntries. Meanwhile, except for France, the other three 
countries exhibited the same kind of trend until 1984; in that 
year Japan and the U.K. started praducing mare papers than West 
Germany, where the number of papers declined. 


Next, Table 4-1-1 shows the changes between 19579 and 1989 in each 
country’s share of research papers. 
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Figure 4-1-1 Changes in the Numbers of Research Papers 
in the Field of Computer Science 
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Table 4-1-1 Changes in Shares of Research Papers 
in the Field of Computer Science 


Japan U.S U.K. We. Germany France 
4 | 4.2 


'1979| 94 | 623 | 127 


1989) u2 | 616 | 1a7 | BS | 50 


t Data source sage as Figure 4-1-! 


Over the last ten years the U.S. and West German shares in the 
number af the werld’s research papers declined while thase of 
Japan, the U.F., and France grew, but there is still a tendency 
for the internaticnal F&D strengpoaints in the field of computer 
science to be cancentrated in the U.S. These five countries, 
whose cambined shares amount ta 60% of all papers, are ina 
ruthlessly competitive relaticanship. Over the last ten years the 
number af research paper annauncements increased by 69.5% 1n 
Japan; 41.0% in the U.S.; 52.8% in the U.F.3; 5.8% in West 
Germany; and 68.8% in France. The height of the increases in 











Germany; and 68.8% in France. The height of the increases in 
Japan and France stand out. 


The changes and fluctuations of R&D strangpoints amang each of 
the countries are as previcusly described, but what kinds of 
Situations exist within the individual countries? We will try ta 
Give a general cutline of the trends of main F&D badies within 
each country, categorized by sector, i.e., industrial, 
government, and academic. Table 4-1-2 shows the number «af papers 
by sector in 1979, 1984, and 1989. Table 4-1-3 shaws the same in 
terms of shares. 


Table 4-1-2 Changes in Numbers of Research Papers By Sector 



































Japan U.S U.K. WW. Gereany France 
| | : 
Business 459 | ~~ 3, 429 392 464 20 
13793 Universities 930 | 5,727 | 1.381 897 318 
Other 412 2, 720 658 809 466 
| | 
| | 
Business | 973 5. 343 599 666 2! 
1984 Universities | 1, 314 7, 585 1, 605 1, 039 | 333 
Other | g42 | 4.125 | 1,017 989 | 607 
| | | 
| | | 
| _ | 
1989 Universities | !-408 | 9,988 , 2218 | 1,091 | 438 
| = | ” aq | 2 
other 779 | 3,997 1, 085 | 673 | 903 








# Data source same as Figure 4-1-1 


Universities are the stroanqpoints where research papers are 
praduced in all of the countries except France. In the U.K. and 
France, the business sector qenerates few papers. Farticularly in 
France, the number af papers fram the business sector is 
extremely low, and anncuncements of papers by researchers of 
mostly public serqanizatians account far the mainstream. 
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During the last ten years in Japan, the academic sector’s share 
of papers shrunk while that of the business sector grew. It 
appears that there has been a relative decline in F&D at 
universities while R&D by the business sector is beceming more 
vigorous. 


As for the situation in the U.S., until 1984 it showed almost the 
same kind af shifts as in Japan, but by 1989 there was a great 
change in the appearance of things. It suqgests a move by the 
U.S. ta strive for perfection in its basic research, centered oan 
universities, in response toa Japan’s dash ahead into the field of 
camputer science. 


Table 4-1-3 Component Ratio Changes in the Numbers of Research 
Papers By Sector 


Japan U.S U.K. W. Geraany France 


watomee® 25.49 | 28.87 | 16.13 | 21.98 | 2.49 


1373 Universities 51.63 | 48.22 | 56.80 | 41.34 | 39.55 
Other 22. 88 22. 91 27. 07 37. 28 57. 96 





Business | 933, 22 31. 33 18. 60 24. 72 2.19 


1984 Universities | 44.86 | 44.48 | 49.83 38.57 | 34.65 





Other | 21.92 24. 19 31.57 36. 71 63. 16 





28, 37 16. 50 11. 10 23, 17 1. 18 





Business 


46.12 | 59.64 | 59.70 | 47.52 | 932,28 | 


1989 Universities | 


Other 25. 52 23. 87 29. 20 29. 31 66. 54 | 

















# Data source sage as Figure 4-1-1 


Meanwhile in Europe, a tendency towards activatian af nan- 
business-sector F&D activities in the U.E. and France can be 
seen. The trend in France is distinquished by a cansistent, 
q-avernment-led F&D system. 








From the trends in computer science research papers discussed 
above, it appears that the stroangpoints for active F&D are still 
concentrated in the U.S.; and that, in contrast to the U.S. and 
Europe, where the relative weight of the main F&D bodies is 
shifting to universities and public research organizations, Japan 
is tending to have more weight in its business sector. From this 
we can see some of the structural differences in the F&D systems. 


4-1-2 Changes Seen in Patents 


Of all the indicators of results fram the field of computers, we 
took up research papers, which are heavily tinged with the flavor 
of science, in the previous section’s comparisons of each 
country. In this section, However, we will compare Japan and the 
U.S. with respect to patent trends. 


Figure 4-1-2 shows the changes in Japan’s patent applications in 
the computer field. Here we used the numbers of patent applica- 
tions in the G06 category, which is the Japanese patent classifi- 
cation for "“camputations; calculations," as an example that 
represents the computer field. 


Figure 4-1-2 Japan’s Patent Applications in the Computer Field 
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As seen in the diagram, patent applications in the computer field 
have been steadily growing in Japan since 1983 and have doubled 
in five years. Yet the number of patent applications by 
foreigners has been moving between S500 and 600, and the weight of 
that percentage is decreasing from year to year: in 1983, 
foreigners submitted 5.1% af the patent applications in Japan; in 
1984, 4.6%; in 1985, 3.5%; in 1986, 3.4%; in 1987, 3.2%. In 
comparison with the U.S. and Europe, the percentage of foreigners 
filing patent applications is extracrdinarily low in Japan, but 
compared toa the percentage of all patent applications that are 
filed by foreigners in Japan, 8.8%, that for the computer field 
is an even lower figure. The peculiarities in Japan’s patent 
applications have already been mentioned a number of times in 
previous chapters. The tendencies in the computer field area 
typical representation of those trends. 


Next, we will lock at the trends in computer patent applicaticans 
in the U.S. Table 4-1-4 shows the number of patents registered 
under the U.S. patent classification "Office Computing & 
Accounting Machines," which represents the computer field. 


Table 4-1-4 U.S. Patent Registrations in the Computer Field 











15978 1588 
Number of reqistratians 1,456 2,826 
Percentage 2.20 3-63 

















# The percentages shown are the percentages of all patent registrations that computer patents account for. 
# The computer field comes under the U.S. patent classification "Office Computing & Accounting Machines." 


Data: USPTO 


The number of U.S. patent registrations in the computer field 
increased by about twofold fram 19578 ta 1986. Next, the 
percentages by nationality of patent registrants are shawn in 
Figure 1-4-3. 


In 1978 foreiaqners registered 35.9% of the U.S. patents in the 
computer field, but that rose to 55.5% by 1988. The share that 
especially grew was that of Japan: a 25% increase can be seen 
mver the last ten years. The shares of Eurcpean countries are 
declining slightly, and we can say that the structural change in 
the patent registrants of the U.S. is solely due ta the strana 
influence of Japan’s tendencies. 








Figure 4-1-3 Percentages of U.S. Patent Registrants 
in the Computer Field, By Nationality 
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# The coaputer field comes under the U.S. patent classification “Office Computing & Accounting Machines. * 


Data: USPTO 


We cannat adequately campare the patent trends af Japan and the 
U.S. because af the differences in the fields that are the 
subjects af the data used here, the differences between 
applications and registrations, the differences in the camparisan 
years, and other such disparities. But, as an extremely macra way 
af lacking at the trends, we can give the fallewing as 
characteriscics. 


That foreigners account for a very low percentage af Japan’s 
patent applicaticns and that there is a tendency far that 
percentage toa decrease cover the years may indicate that Japan is 
cantinuing ta strengthen its F&D activities and is ceantinuing te 
grow aS a Stranqgpoint for industrial technology F&D in the 
camputer field. This may alse be supperted by the fact that the 
percentage of U.S. patent applicants who are Japanese is 
dramatically increasing. Historically, the U.S. had been proud of 


its averwhelming superiority in the field of computer science, 
but lately there has been a relative decline in that power. In 
ather wards, we can say that F&D centers are cantinuing tc spread 


maver ta Japan. A very important factor in that may be the vigear 
af Japanese businesses with respect ta the develcapment af 
technoalagy. 


4-1-3 What Caused the Changes, and International Competition and 
Cooper ation 


It 1s difficult to camprehend each cauntry’s situatian in such a 
way aS ta take into acecunt all the many technical fields within 
the domain af camputer science, but here we will give a general 

wutline af the trends in each country’s S&T policies and systems 


< 
- 





that individually pertain ta camputer science. 
(1) U.S. Trends 


In arder ta strengthen its international competitive power, the 
U.S. 15 cansistently emphasizing basic research, with the 
oOramaetiaon of S&T as an impertant support. Computer science is nea 
e.ceptioan, especially its priority areas--artificial 

intelligence, supercamputers, VLSI, saftware engineering. 
Basically, the U.S. is striving toa promete F&D that is based an 
cocperatican among industry, government, and universities; a large 
amount af financial support fram the gqeavernment--primarily the 
Pentagan--is being granted for F&D at private corporaticns. 


In 1989 the tatal amount af the Federal Geavernment’s investments 
in R&D rase ta $60.3 billion. Of that, 48.3% of went ta private 
businesses and 390.4% was allecated for F&D (Science and 
Engineering Indicators - 1989). 


Table 4-1-S sheaws the changes in gavernment develapment 
investments in camputer science. 


Unfortunately F&D-related data was not grasped, but over about 
ten-year pericd investments in basic research increased nearly 
fourfold; investments in applied research, twofold. This means 
that government policies are stressing basic research in computer 
science as well. 


Table 4-1-5 Government—Defrayed Computer Science Research 
Expenditures in the U.S. (Millions of Dollars) 
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Data: Science and Engineering Indicators - 1989 





On the ather hand, 


if we lack at this data by sector, 


the 
computer science increased by nearly threefold fram 1976 ta 1938 


number 


the 


Jump 


researchers employed by the business sector 
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Table 4-1-6 Number of Researchers By Sector in the U.S. 


What 


computer science” 


Number 


af pecple | 


Percentage 


Number 


cof peaple 


Percentage 


These figures are thought toa 
comsiderable pertican af develapment 
centering an the DOD, 


gcaing 





cof researchers in the field 


in the number 


is cansplicucus 
indicate the results of a 
investments by the qeavern- 


























# The percentage values are the breakdowns (2%) for every year 


kind of steps are being taken lately ta strengthen F&D 
As an example we will try te track 


Data: 


Educational Governaent 
Business Organizations Organizations Other 
| 86, 800 6, 900 9, 300 16, 000 
72. 9 5.9 7. 8 13. 4 
276, 500 19, 700 24, 500 | 28, 400 | 
79, 2 5.7 7.0) 8.1 
Science and Engineering Personnel, NSF. 


in policies concerning semiconductor development. 


The high-speed 


preagrams invelving the development 
praject that the DOD has promoted, 
Circuit program was started 
intermittently until 1990; 

use VLSI development ta the private electronics 
af the technolaqgy. 
a DOD-premated praject that was started 
the production phase after basic 
af the 1980's. 
arqganizaticans are nat participating 


ensure the level 
program, 


1985 


into private enterprises’ 
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On the eather hand, 
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the Semiceanductar Manufacturing Technelagy 








Jaint Development Organization (SEMATECH? and the Semiconductor 
Research Consortium (SFC) are representative of industrial- 
governmental oar industrial-academic cocperatian systems. 
SEMATECH, the objective of which is ta maintain the U.S. 
semiconductor industry’s international leadership, is an F&D 
organization in which semiceanductor manufacturers and the DOD 
participate. The idea is that its research results are tc be 
transferred ta the member enterprises. SEMATECH’s management 
formula involves having the members all dispatch their excellent 
F%&D personnel; the members and the gevernment split the $250 
million in yearly expenses. It is the first case af the 
government providing financial support directly to a private 
industry consortium. 


The SFC 1s a non-profit asseaciation that was organized in 13982 
around enterprises beleanging ta the U.S. Semicanductar 
Engineering Society. Its sbjyective is to provide financing ta 
universities for basic and general F&D that relates ta 
semicoanducters. It protects both sides’ profits: universities 
turn the results of their F&D into patents and then affer the 
licensing rights to the enterprises. 


Althaugh it 1S samewhat different in nature from these measures 
for strengthening F&D, the Semiceanductor Chip Pratectican Act was 
enacted in 19384 in cannecticn with the strengthening and 
pratection af. the intellectual property rights to semicenductor 
technelogy. Needless ta say, this represents a part af the 
protectionist policies against Japan’s threat in the field of 
semiconductors. 


(2) Japan’s Trends 


Table 4-1-7 sheaws the changes in Japan’s research expenditures in 
the field of information processing. 


It shows that the total amount of research expenditures 

grew by mare than fivefold from 1977 to 13587. Lacking at it by 
sector, the sudden increase in the usage weight of companies and 
the decrease of research arqanizaticons’ weight are remarkable. 
These changes correlate with the shifts in the numbers of 
research papers in the field af computer science. We can say that 
the trends in computer science are an example that points 
directly ta Japan’s private-sector-led F&D structure. 


On the other hand, goavernment-promated joint research in 
universities and carporatians 1s becaming a central theme of 
gcvernment S&T pelicies in Europe and the U.S., but what about in 
Japan’ Table 4-1-8 shews the research in the saftware field that 
was implemented under joint research systems ‘(Ministry of 
Educatican).,. 
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In terms af the number af joint research endeavers during FY 
15988, the scoftware field was third after joint research related 
ta materials development (184 projects) and machinery development 
C141 projects), but the absclute number af joint saftware 
projects was very small. As a system for bridging the distance 
between basic research in universities and develapment research 
in private firms, the state af Japan’s joint saftware research is 
still in the early stages of develapment when campared with the 
situations in Eurepe and the U.S. 


Nevertheless, Japan, tac, 1S making steady progress in systems 
for promating basic F&D in leading-edge fields, systems that are 
aimed at international cantributions through F&D, and gavernment-— 
led F&D preajects. It has implemented coaomputer-science-related 
research themes in systems such as the Creative Science Froamatican 
System that started in 1981, the Next-Generation Industrial Hase 
Technology F&D System, and the Human Frontier Science Froagram. As 
for government projects, the Fifth Generation Ceaomputer Fraject, 
the Machine Translation System Develapment Fraject, the Foodstuff 
Industry Technolagy Inspection Suppert Expert System Development 
Praject represent some of the prajects that are in progress. 


(3) Europe’s Trends 


In the U.E., electronics and information technealoagy are ane of 
the gevernment’s highest priority themes. Under the linkage af 
the Ministry of Trade and Commerce and the Cauncil for Science 
and Techneleagy, the British government established the Jaint 


Framework far Information Techneleagy, a combined research 
project, and is previding aid for thase F&D activities. This 
project consists af several programs. An example is the Joint 


Optceelectranics Fesearch Scheme that ended in 1985; it Bbreaught 
forth great research results in coannectican with aptical switches, 
aptical integrated circuits, aptical fibers, etc. In anather, the 
Alvey Fregram, which corresponds ta Japan’s Fifth Generatian 
Coamputer research, with gavernment suppert carpoaratians and 
universities are carrying out joint research an VLSI’s, kneawledge 
informatian precessing, and intelligent man-machine interfaces. 
Meanwhile, with technealeagy transfer as the main objective, the 
Ministry of Trade and Cemmerce 1s promeating activities such as 
the Fegicnal Electrenic Centre, which was established in 1986; 
the Surface Meunt Club, alse set up in 1986; and the Electrenics 
CAD Initiative, which started in 1986. 


France 15 encouraging joint research that uses EC argqanizaticons 
mare sa than direct financial suppert. It is alse oan a course 
that deals with S&T as an EC issue; its basic plan is ta maintain 
harmony with the S&T policies of all of Eurepe. The bedrect af 
France’s high-tech development is an appreach that theorcaughly 
stresses basic science. Consequently, France will lead ather 





Table 4-1-7 Japan’s Expenditures for Research in the Field of 
Information Processing (Millions of Yen) 














Companies, Research Universities, 
etc. Organizations etc. Total 
1977 81, 903 29, 784 4,539 | 116, 226 
(70. 5) (25. 6) (3.9) | (100. 0) 
1982 199, 998 41, 449 8,307 | 249, 754 
(80. 1) (16. 6) (3.3) | (100. 0) 
1987 | 554, 455 30, 930 19,286 | 604, 671 
(91. 7) (5. 1) (3.2) | (100. 0) 




















t Companies that were the subject of the data shown have at least 100 sillion yen in capital 
# Figures in parentheses are the percentages for each sector 
# The years shown are fiscal years 


Data: Patent Office, Statistics Bureau “Investigative Report of S&T Research® 


Table 4-1-8 Software-Related Joint Industry-Academia Research 











| 

1983 | 1984 | 1965 | 1986 | | °87 | 1988 

Number | 
of prajects 4 15| 24} 30] 48] 80 
Percentage 14.3) 9.4/ 11.1} 11.0] 12.1 | 13.7 























# The years shown are fiscal years 
# The percentage is: (Nuaber of software projects)/(Total nuaber of projects) 


Data: State of iaplementation of “Private and Other Joint Research" 
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cauntries in fields like muclear energy and aerospace, where 
basic research is directly cannected with the final product, but 
in fields such as computer science, where there is considerable 
distance between F&D and the final preduct, it will be farced 
into sluqgishness. In order ta salve this kind af problem the 
French government is putting mare energy inta the EUREKA 
prajects, which center an the EC. France has alsa been the 
advacate of these projects and is participating in 106 af the 203 
projects. Its 85 million francs in financial support is the 
largest amcaunt fram any of the 18 countries participating in the 
prajects, toa (FY 19588). At the same time France is becaming more 
energetic lately in its maves ta narrow the gap between public 
research arqanizaticons’ research and applied research, and toa 
imprave joint research between industry and universities thraugh 
the exchange af Human resources. Coancretely, thease maves invalve 
the Scholarship System for Cultivating Fesearchers (CIFRFE), where 
the geavernment pays aut scholarship funds as salaries far pre- 
dactoral researchers whom industries employ for a fixed period of 
time; and the System for Cultivating Fesearchers Threugh 
Toacaperatian between Industry and Universities (FIFRTECH), a system 
that was started in 1984 where industry, the gavernment, and 
universities form cacperative gqreups far each research theme and 
can jointly use research personnel and facilities. Incidentally, 
CIFFE invelved SSO cases in FY 19589, of which electreanics 
accounted for the mest (25%). 


The F&D policies of the West German government involve preamating 
basic research that will became the key ta the future, increasing 
private F&D, and pramating the participation af small and medium- 
Sized businesses in F&D. Typical examples of the government’s 
financial suppert in the field of electreanic infarmatican and 
cammunications technology are the Special Fraject for Framating 
the Utilization of Microa-Electronics, which has been carried aut 
Since 1982; and, since 1984, the Five-Year Froject that is aimed 
at all-around pregress in microa-electranics, infarmatian 
technolagy, and cammunicaticons technelogy. The Federal Fesearch 
and Technalegy Agency and the Federal Fasts and Telegraph Agency 
are mainly implementing and striving to promete F&D in this field 
by the private sector, but the German Fesearch Serciety is the 
arganizatian whe supports that F&D. Althcugh the German Fesearch 
Seciety provides financial Suppert for research proajyects in all 
scientific fields, mast of that money is used for university 
research expenditures. The saciety is alsa striving ta strengthen 
comperative systems for researchers in varicus Scientific fields 
and tc prameate balanced basic and applied research. 


The EC’s F&D projects, the purpose af which is ta premete joint 


prajgects among all af Eurcape’s countries, alsa play an impertant 
rale in Europe’s F&D trends in the fields of computer science, 
eQelectranics, infarmatian, and cammunicaticns. Same of those main 
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Table 4-1-9 Joint R&D Projects of Europe 


EUREKA Projects 


Objectives: Toa faster Eurcpean industries, improve the productive 
and competitive power of each country’s economy, and strengthen 
the foundation for prosperity and employment, by means of joint 
research among European businesses and research organizations. 





Time pericd: 1985 - 1996 





Number of projects: 298" projects are in progress (1989) 





Scale af budget: Estimated at about 8.9 billion ECU 





Research damains: 
- Fraduct technoleagy and roabets - Computer technolagy 





- Infearmation technoalagy - Laser engineering 

- Heat and power technoalagy - Environment-related technealoagy 
- Materials technolagy - Transportation technalagy 

- Education - Biotechnoleagy 


Remarks: Participating members are the 12 EC countries, five 
countries of the European Free Trade Association, Turkey, and 20 
members af the EC Committee. 


- Ineludes the JESSI project 


ESPRIT Projects 





Objectives: Ta activate information and cammunicatians tech- 
nology, which lags behind that af Japan and the U.S., and ta 
ensure the international competitive strength of the Et’s 
information and cammunicaticans industry, by means af joint 
research amang the industries, gavernments, and universities af 
each of the EC natians. 





Time pericd: 1983S - 1992 








Number of projects: 224 projects are in progress (15989) 


Scale of budget: 1.6 billion ECU (19588 - 15992) 





Research damains: 
- Saftware technology 





- OA (affice autamation) systems 
- Leading-edge infearmation processing technology 
- Camputer-inteqrated manufacturing 


* Advanced micro-electroanics technolagy 
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Remarks: To receive ESPFIT financial support, research groups 
must cansist of at least two mutually independent enterprises of 
different nationalities. 





RACE Projects 





Objectives: Ta build ASDN and IBC networks throughout Europe by 
1995, by means af joint research among the electrical and 
cammunicatioans businessmen and carperations of the EC nations. 


Time period: 1985 - 13992 





Number of projects: 89 projects in progress (1988 - 1992) 





Scale of budget: SSO million ECU (1988-15992) 





Fesearch domains: 

- High-speed LSI’s - Superlattice LSI’s 

- Optical IC’s - Broadband exchange equipment 

- Line cantrol programs - Large-screen display panel technoleay, 
etc. 
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pregqrams are the ESFRFIT (1984) and the PACE (1987) projects. As 
pragrams aimed at supplementing ESFRIT and FACE and making the 
mast use of the results fram those two programs, there are the 
DRIVE (1988), AIM (19588), and DELTA (1988) projects. Fesearch 
themes in the fields of computer science, electronics, 
information, and cammunicaticons are alse incorporated in projects 
ather than the EC projects, e.g., the EUVFEKFA ‘Eurcpe Fesearch 
Cocperatiaon Organization), and COST (Eurapean Cocperatian in 
Science and Technology?) projects. 


(4) A View of International Cooperation 


As the analyses above have made clear, it 1s no exaggeration ta 
say that computer science F&D is led by the averwhelming strength 
af the U.S. 


However, changes are seen in the structure of internaticnal F&D, 
as witnessed in the increase of Japan’s F&D strength. 


1) The F&D strength af the U.S. 16s tremendeus in beth basic and 
applied research in the field of camputer science, and it has 
led the development af the entire world. 


Furthermore, the support of the U.S. gavernment has played a 
great role in the growth of computer science, and attentican 
is drawn toa the fact that the technological develapment 
attributable to U.S. businesses has accelerated that growth. 


Threugh the release of many research papers oan camputer 
science and threugh the opening ta the public of patents, 
this U.S. leadership has stimulated the world’s F&D. 


This leadership is also obvious in the market expansion that 
is attributable to U.S. business. Great roles have been 
played by the Cray campany in the field of supercomputers; by 
IRM in large and middle-size camputers; and by others such as 
Unix and Amdahl. 


In the U.S. and Eurepe, where it acccunts for 7O% and 40%, 
respectively, af the mainframe markets, IBM has especially 
propelled the eveluticon of computer technoaloay. 


Meanwhile, Japan has been cancentrating its eneraqy on F&D fir 
the purpese of catching up with the U.S. It is striving for 
technological develapment in the area af mainframes through 
IBM-compatible lines. In small and personal camputers it has 


formed a large niche in the global market as a result of its 
own technalagy. 





(3 








Japanese businesses are playing an extremely large role in 
the evolution of computer science in Japan. 


In Europe, toa, computer science centers on business as a 
result of government aid toa European firms, which started 
with the Siemens company of West Germany, and power ful 
countermeasures based on joint European projects. Computer 
science in Europe is developing in such a way that the 
cammercialization of more realistic systems is a central 
issue. 


As this kind of business expansion by corporations proceeds, 
foothoalds have emerged in beth Japan and Europe for 
expanding basic research in camputer science. 


For example, in Japan it is becoming possible ta push 
forward independent F&D for next-qeneration science, e.q., 
parallel computers, inference machines, etc. Research 
personnel have also become more competent. And, as with 
fuzzy systems, evalved technoalegies are not few in Japan. 


Nevertheless, the develcopments in Japan and Europe have 
became samething for the U.S. toa watch closely as a 
manifestation of competitive factors. 


The U.S. measures tea strengthen the protection of 
intellectual property rights are being powerfully pushed 
from this kind of background. The stranq demands by the U.S. 
for the protection af programs, through capyrights and the 
pretecticon of carperate secrets, have been thrust before 
Japan and Europe as even political counter-measures. 


In response ta U.S. demands, Japan and Europe are sincerely 
coping with the situation and are canfreanting the evoalutian 
af new international harmany. 


We cannot deny that Japan and Eurepe still are not as goed 
as the U.S. in saftware F&D strenaqth, theaugh they have 
reached nearly the same level as the U.S. in computer 
hardware technology. And, the differences in the ways that 
Japan and Europe cape with the IBM and Unix qroups of the 
U.S. in cannection with the standardization af aperating 
systems are making future models for international harmeany 
complicated. 











4-2 Changes Seen in the Life Sciences 






4-2-1 Changes Seen in the Numbers of Research Papers 










As revealed in Figure 4-2-1, which shews the changes in the 
numbers of research papers in the life sciences, the number af 
papers fram the U.S. is averwhelmingly larger than that of other 
countries. In particular, there were five times more 
announcements of research papers in the U.S. than in oather 
countries during the three-year period that peaked in 19379. The 
life sciences, incidentally, is a domain that encompasses varicus 
fields such as biclogy, medicine, and agriculture. Biatechnolaqy- 
related fields, starting with genetic manipulation and «ell 
fusion, are those fields of the life sciences where F®%D 
activities have suddenly become vigorous in recent years. 













Figure 4-2-1 Changes in the Number of Research Papers 
in the Life Sciences 







Thousands of papers 
1a 



























— Japan --::: U.S. + + UK. -- West Gerany --- France 


Nete:s See *1 for data sources 


Although we cannot grasp what the cantents of the research papers 
are fram the data in Fiqure 4-2-1, if we cansider the sudden 
changes occurring in the U.S., and the fact that the shifts in 
the ather countries’ trends in research paper announcements can 
be viewed as a point of inflection in 1983, we can think of 
biatechnalcaqy as being a main cause af the fluctuaticns in the 
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number of research papers in the life sciences, which is a domain 
with a very broad range of subjects. 


At first, the U.S. was the central place for bistechnelogy F&D. 
Then, from the beqinning of the 1970’s there was a series of 
brilliant discoveries: genetic recambination became a reality in 
1573, for example; in 1978 it became pessible to use recombinant 
DNA technology to produce human insulin from E.coli. At the 
beqinning of the 1980’s recambinant DNA technology started to be 
utilized in an engineering-type af fashion in mainly medical and 
pharmaceutical fields (Table 4-2-1). 


We can certainly say that these facts and the changes in the 
numbers of research papers seen in Figure 4-2-1 explain the 
trends in biotechnology. That is, the first half af the peak 
around 1979 siqnifies a period during which there was an 
enthusiastic surge of innovative basic research and research an 
the pessibilities fear that practical application. The latter half 
af the peak reflects the situation where advances were made in 
applied research that was aimed at commercial utilization and in 
research pertaining ta the management af technology. 


Table 4-2-1 Advances in Biotechnology 


Science and Technology Industry 


1544 Praof that qenes are made 1956 Fermentation production of 
up of DNA CAvery, U.S.) amina acid (qlutamic acid) 
Started (Japan) 
1951 Amine acid sequence of 
insulin determined (Sanqer ) 


15953 Elucidation of the deuble 
helix structure of DNA 
(Watson, U.S.3 Crick, U.K.) 


1956 DNA synthesis enzyme 
discavered 


(Kohnberg, 3.) 

1957 Success 211 fusicn 1957 Fermentation productican of 
USING Serca@i Virus (Okata, nucleic acid (S-inesinic 
Osaka University) acid) started (Japan) 

15961 Genetic code af nucleic Operean theory about the 
acid deciphered (‘Leninbera, moantrol mechanism af 
U.S.; Ochoa) protein synthesis advocated 


(Jacob and Maneau, France) 








Table 4-2-1 Advances in Biotechnology (cont’d) 


Science and Technology 


1969 


1970 


1972 


1980 


Carrot cloned from a 
single carrot cell ina 
cell culture 

(Steward, U.K.) 


Reverse transcriptase 
discovered (Temin, U.S.) 


Restriction enzyme 
discovered (Smith, U.S.) 


Development af cell fusian 
technology (Milzanshutine) 


Recombinant DNA technology 
completed (Cowen and Boyer, 


U.S.) 


Success in creating 


monoclonal antibadies with 
cell fusion (Melhyas, West 


Germany) 


Success in creating a 


"poamato" with cell fusiscn 


(Melhyas, West Germany? 


Success in making £&.Col: 
preduce human insulin by 
means of recombinant DNA 
techneloagy (Sakakura) 


Success in making £.Col: 
produce interferon by 
means of recambinant DNA 
technoalagy (Weissman and 
Gilbert U.S.) 


Birth of the super mouse 
(Parmitter and Prinster, 
U.S.; others) 


Industry 


19569 Production of L-Amino by 


fixed enzymes started 
(Japan) 


1980 Announcement af technoalagy 


that substitutes bio- 
technelogy for same 
petrochemical processes 
(U.S.) 


' Praduct 1Ton mf insul in by 


recambinant DNA technology 
started (U.S.) 








Table 4-2-1 Advances in Biotechnology (cont’d) 


Science and Technology Industry 


1584 Develapment of recambinant 
DNA technoalagqy using plant 
and animal cells (Axel) 


1985 Success in artificial 1985 Proaductian af Human qrawth 
recanstruction af protein- hearmane by means caf 
dissolving enzyme (trypsin) recambinant DNA technelagy 
(Frederick) Started (U.S.) 


Praductican af qeneral- 
purpese chemical 
engineering preaducts by 
means of fixed micra- 
arganisms started (U.S.) 


1986 Preducticon of alpha- 
interferon and Hepatitis—B 
vaccine by means af 
recambinant DNA technalagy 
started (U.S.) 


Praductian af amine acids 
by means af recambinant DNA 
technaleqy started ‘Japan? 


1987 Preductian af TFA by means 
af recambinant DNA 
technolegy started (Japan) 


Data: Bio-Industry Vision, MITI Investigations Council; 
Biotechnology - The Current Situation and Developaent Directions, Central Bank for Agriculture 
and Forestry; 
Nikkei Biotechnology - Current Terminology Dictionary; etc. 











In recent years the strongpoints where research papers in the 
life sciences are produced have been coantinuing ta scatter. In 
view of that diffusion, we will lock at the kinds of changes 
taking place within individual countries. Table 4-2-3 shaws the 
numbers cof research papers by sector in 1973, 1984, and 1989; 
Table 4-2-4 shows the same in terms af shares. 


Table 4-2-3 Changes in Numbers of Research Papers By Sector 














Japan U.S U.K. WwW. Geraany France 
nee : ) 
Business 785 1.917 | 407 | 290 258 
| | | | | 
1979 Universities | 1.536 | 62078 | 8770 | 7,412 | 4,924 | 
| | | | 975 | 97 
Other | 2,685 | 30, 035 | 8,853 | 5, 275 | 13, 270 
| | 
1 | ia | | 
| | | | 
| | 9g5 | 988 | 62} 392! 46 
Business | | | | 


1584 Universities | 


Other 





Business | | 
20,940 | 30,981 | 8, 870 8, 073 





| | 5,392 
1989 Universities | | | | . 
9, 999 19, 100 9,090 | 6,782 | 22,674 
Other 
+ Data sources are the sage as those of Figure 4-2-1 
In any of the cauntries, universities and "ather" arganizatians 


(primarily public research oarganizatians) are the main bodies 
where research papers in the life sciences are produced, and we 
may say that, from a macro viewpoint, there were na great changes 
in that trend aver the past ten years. However, here again we 
come across a Situation that indicates a fairly strong 
correlation between bisatechnelagy’s evaluticnary process and the 
tendency far the number af life science research papers toa 
change, as menticaned before. It 1S apparent in the number of 
research papers produced by the business sectar, and in the fact 
that the weight «af the business sectors in the U.S., Japan, and 
West sermany increased. In particular, the number af research 





papers from the business sectors af the U.S. and West Germany 
increased 2-3.5 times during the past ten years. The fact that in 


the four countries ather than West Germany the weight of the 
number of papers from universities decreased and the percentages 
af “ather" (mainly public organizations) has increased since 1983 


can alsa explain the shift from basic research to applied 
research and technology management. 


Table 4-2-4 By-Sector Shares of Research Papers (7%) 


Japan U.gs ine W. Geraany France 





Business 
1379 Universities 


Other 





Business | 








1984 Universities 





Other | 18.79 | 3259 | 4812 | 45.15 | 76.29 








— 





f 
| 
| 





Business 7.86 | 7.30 | 227 | 4.94 | 0.67 
1989 Universities | 72.82 | 57.35 | 4826 | 51.66 | 19.08 
Other 19.32 | 95.35 | 49.47 | 43.40 | 80.24 





t Data sources are the sage as those of Figure 4-2-1 


On the ather hand, individual characteristics can be been in each 
cauntry. In Japan, universities account for a much greater weight 
than in the ather four countries; about three fourths af all the 
research papers in the life sciences are from universities. 
Universities’ weight has been slewing decreasing every year «ver 
the past decade while the percentage for business and "ather " 








arganizations is increasing. The tendency far universities’ 
weight ta decrease is alsa seen in the U.S. and in France, but 
France’s structure differs cansiderably when campared with Japan 
and the U.S. 


Of course the U.S. is also the type of country where universities 
provide the leadership in science, But the weight of its "ather" 
organizations is great in comparison with Japan; the transitions 


aver a decade indicate a trend where the qap between universities 
and "other" organizations is becoming smaller. Alsa, the number 
of research papers from the business sector has tripled aver the 
past ten years. In cantrast with the Japanese and U.S. types of 
structures in which research papers are generated, in the U.FE. 
and West Germany the weight of universities rivals that of 
"ather" arganizatians. In the U.FE., particularly, there has been 
hardly any change aver the past decade in the structure in which 
research papers are qenerated. 


On the ather hand, the structure in France differs greatly with 
that of the other four countries. In France research papers fram 
"ather" organizations account for a great deal af weight, 
followed by universities. Furthermore, another remarkable 
difference is that in France the number af research papers fram 
the business sector is decreasing. As far as we can see fram the 
camparisan af numbers af research papers, "“ather" arganizatians, 
which center oan naticnal and public research arqanizatians, have 
a central role in F&D activities in the life sciences in France. 


Fram the by-sectear and by-cauntry camparisans af the numbers af 
research papers, it is clear that the world’s leading life 
sciences F&D centers are scattering fram the U.S. ta each af the 
ather cauntries. Furthermeare, the main bodies that actively carry 
aut F&D are different kinds in different countries. As for each 
country’s state af affairs, it is probably necessary toa neat anly 
Qrasp the actual state of a main F&D beady’s activities in a given 
cauntry, but alsa toa make a camprehensive analysis that includes 
the system and qavernment policy factors in that background. 


4-2-2 Changes Seen in Patents 


Here we will take a general lack at the trends in Japanese and 
U.S. patents related te bistechneloaqy, an area within the life 
sciences that alse shows rapid progress. 

Figure 4-2-2 depicts the state in Japan of applications for 
patents an genetic receambination and cell fusian. 


As can be seen fram the diagram, since 193979 patents invelving 
genetic recambinaticn and cell fusicnm have been rapidly 
increasing 1n Japan. However, because the years shawn are the 








Figure 4-2-2 Changes in the Number of Applications for 
Biotechnology Patents in Japan 
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¢ From official reports on patent releases and announcements (patents released from 1969 to 1988) 


years when the patents were made available ta the public, the 
discaveries behind thase patents were actually made about a year 
and a half earlier. 


What 15 peculiar about this data is that there are very many 
applicaticans submitted by nan-Japanese. 











If we look at all patent applications in Japan, the percentage af 
applications by foreigners has hevered arecund 10% during the past 
two toa three years, e.qg., 1n 1988 the percentage of applications 
by foreigners averaged caver all fields was 9.0%. However, in the 
field of qenetic receambinatian, that number was about 50%. In 
particular, if we speak about those patents that were made public 
in 1985 and 1386, applications by foreigners exceeded thease by 
Japanese. In the field of cell fusion, toc, applicaticans By 
foreigners greatly surpassed the average percentage of 
applications by foreigners. Although the averall trend in Japan’s 
patent applications is for the percentage of applications by 
foreigners tc be extremely law in comparison with ather 
countries, the percentages in the field of bictechnoloagy are 
about the same as these in Eureape and the U.S. This suqgests that 
Japan has been placed in an intensely campetitive relatioship. 


Figure 4-2-3 1s a breakdown of the nationalities af the 
applicants whe applied fear bistechnoleaqy patents in Japan. 


This is the result from summing all the applications in the field 
af genetic engineering that were released by December 1987. 
Applications by Japanese accoacunt for anly about half af the total 
number af applications. Of the remaining 50% or sa af non- 
Japanese applicants, 29.9% were submitted by Americans, 4.2% by 


“ey an 


West Germans, 3.2% by British, and 3.0% by French. 


Figure 4-2-3 Percentages By Nationality of Patent Applicants 
in the Field of Genetic Engineering 


Switzerland | 
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t Total of applications that were aade public by Deceaber 1987 











On the ather hand, 


Table 4-2-5 
af genetic 


what are the trends 


in U.S. 


shows the state of patent registrations in the 


engineer ing; 


nationality af patent reqistrants. 


bioatechnoleagy™ 


field 


Figure 4-2-4 shows the percentages by 


The number of genetic-engineering-related patent registrations in 
the U.S. increased by nearly tenfold between 1575 and 1986. Of 


the 70,860 patents in all that were registered 
engineering-related patents a 


=counted fi: 


or 


decade that percentage became ten times higher. 


in 1986, 
0.16%, 


genetic- 


but within a 


Table 4-2-5 State of Patent Registrations in the Field of 
Genetic Engineering in the U.S. 














1975 |1986 | 
| 
Number of patent | 1] 116 | 
registrations | | 
| 

Percentage 0. 0015/0. 164 
| | 








# The percentages show the total nuaber of patent registrations that are in the field of genetic engineering 


Data: USPTO 


Figure 4-2-4 Percentages By Nationality of Patent Registrants 
in Fields Related to Genetic Engineering in the U.S. 


1986 


Data: USPTO 
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In 1986 anly 21.7% of patent 
This situation 
bioetechnoalogy-related patent 
about half af all 


In the U.S. 


registrations were by 


West iserm 


U.K. 3.54 


in 19586 differs greatly with the trends in 
applicaticns during that same 
patent registrations were by 


any 3eu 


foreigners. 


Japan’s 
year. 











foreigners, but anly about 20% of the patents in genetic 
engineering were registered by foreiqners--a percentage much 
lower than the 53.8% for all patents. Therefore, we must say that 
the astounding power of the U.S. 1s displayed in cannection with 
genetic engineering, in total contrast with Japan’s situation. 


Next, we will look at who makes up the applicants in bath Japan 
and the U.S. Table 4-2-6 shows the by-sector composition of 
applicants in each country. 


In 1980 universities and non-profit organizations were the main 
bodies in both Japan and the U.S. for patent applications in the 
field of biatechnoloagy, but by 1988 that mainstream shifted over 
to business. In Japan there have always been few patent 
applications from universities, and the field of biotechnology is 
no exception: according ta data from 13587, a mere 2% af the 
applications were from universities. Applications fram nan-profit 
crqganizations were at the same level in both Japan and the U.S. 
during 1987, but the presence or lack of patent applications fram 
universities becomes a noticeable difference that appears. 


Table 4-2-6 By-Sector Composition of Biotechnology Patent 
Applicants (7%) 





Japan U.S. 
| 
| | | 
Universities | go | 28.6 
| | 
1980 Non-preafit orqanizations | 48.0 | 21.4 
| | 
Individuals | 4.0 | 10. 0 
Business | 40.0 | 40.0 | 
Universities 19 | 161 
{1 on m7 im Pod ci 
1587 Non-oreafit oarganizaticans 19.2 21.0 
Individuals | 38 97 


Business 75. | 53. 


fro 





_) 











Lomking at the year-to-year flaw, in Japan patent applications by 
non-profit arqanizaticons have been suddenly decreasing while 
applications by the business sector are increasing by that 
amount. In the U.S. the decrease in applications by universities 
appears in the increase in applications by the business sector. 
Here, the differences in the roles that universities and public 
research arganizatians (non-profit organizations) play in bath 
countries’ F&D activities (F&D activities that qo as far as 
patent applications) stand out in beld contrast. 


4-2-3 What Caused the Changes, and International Competition and 
Cooper ation 


Of the research within the life sciences, bictechneloagy is 
expected to be the field where great technological development is 
pessible. The rapid growth process of biatechnolegqy that is 
centered on recombinant DNA technology stands out sharply in the 
trends in research paper announcements in the life sciences. This 
bietechnoelogy envelops possibilities for tremendous development. 
Strategically, toc, it differs with other S&T fields that are 
already maturing, and it greatly expands the possibilities for 
establishing a leadership position in F&D. On the ather hand, 
because biotechnology is a research damain that deals with life 
itself, in proameting this research it 1s becoming necessary toa 
Qive adequate consideration ta its safe management. 


To that end, governments’ policy-making type of participation in 
the life sciences has a great siqnificance with respect toa: 


1) establishing a leadership position in F&D activities, and 


=) the requlation af F&D activities. 


(1) U.S. Trends 


The biotechnology F&D system af the U.S. 15 characterized by 


Vigorous cooperatian between industry and universities. That 1s, 
it 1S a system in which basic research Dy universities 15 
commericialized by businesses. With regard toa the coaoaperation 
between industry and universities, venture businesses have come 


to play a major role in the genesis of bistechnoleqy that centers 
on recambinant DNA technoloay. 


On the osther hand, mast af the gqavernment suppert for 
bioetechnalagqy F&D 1s directed towards strengthening basic 


research. The NIH 15 the main premeter of basic research; a 
conmsiderable share of the basic research in the U.S. is 
shouldered by NIH researchers or researchers in graduate schools 


and other sutside aqraups whe receive suppert from the NIH. The 











NIH is also in charge of over 80% of all R&D investments (1987 
data, U.S. Council Report from 1988). Table 4-2-7 shows the state 
of the NIH’s development investments in bictechnology research. 
The tendency for the government to view basic research as 
important can also be read from the fact that more than 60% af 
NIH investments are applied towards basic research. 


Table 4-2-7 NIH’s Investments in Biotechnology Development 
(Thousands of Dollars) 





1985 1986 1987 























Basic research 1, 208, 229} 1,202,094) 1, 388, 337 
| | 

Applied research 638, 916 678, °08 887, 614 

Total 1,847,145 | 1, 880, wr 2, 275, 951 





# The years shown are fiscal years 
Data: U.S. Council Report (1988) 
New Developaents in Biotechnology-4, U.S. Investeent 


As shown above, the government premates and supperts basic 
research, and the research organizations or universities 


implement it. In contrast, application fields or F&D aimed at 
commercialization is carried out under private leadership 
centered on cocperaticn between industry and universities. 


Development preaqrams resulting from direct governmental suppert 
are hardly seen in this private F&D. 


(2) Japan’s Trends 


Table 4-2-8 shows Japan’s research expenditures in the life 
sciences. 


During 1987, companies’ share of research expenditures was 48.3%; 
research oarqanizations, 14.4%; universities, 37.3%. When compared 
with the shares by sector of all research expenditures 
Ccompanies, 72.0%; research erqanizations, 14.6%; universities, 


13.4%), universities’ large share of research expenditures in the 











Table 4-2-9 Joint Research in Biotechnology by Industry and 


Universities 


























1983 | 1984 | 1985 | 1986 | 1987 | 1988 
Number of projects 7 21; 31} 48) 70) 64 
Percentage 12.5] 13.1] 14.4] 17.6) 17.7) 11.0 











# The years shown are fiscal years 
# Percentage: Nuaber of bimtechnoaloaqy projects / Total nuaber oi projects x 100 


Data: “Joint Research vith the Private and Other Sectors® state of iaple@ention, Ministry of Education 
(3) Europe’s Trends 


A great difference between biotechnology F&D in the U.S. and in 
Europe is the government’s invelvement. In the U.S., as mentioned 
previously, development programs based on direct government 
support are hardly seen. But in West Germany, the U.K., and 
France, the governments are drawing up comprehensive national 
assistance programs. For example, the West German Federal 
Research and Technealegy Agency is creating the Bictechnoloqy F&D 
Preagram; the British Ministry af Trade and Industry is at the 
center of the Biotechnology Aid Program; the French Ministry of 
Research and Techneleqy is creating the Bistechnoleqy Develapment 
Pramoatian Program. In addition toa governmental support, these 
countries are carrying out F&D within single-bodied geovernment- 
private systems. 

One of the main British programs is the LINK program, at the 
center of which is the Ministry of Trade and Industry and the 
Ministry of Education and Science (Table 4-2-10). A jaint 
research assistance program that was announced in 1986, the LINK 
pregqram aims at carrying out joint industry-university research 
that is consistent from the early stages of a technology, and 
achieving more efficiency in P&D. It is a system in which 
research projects are freely proposed by beth the private and 
government sides; the government defrays 50% af the tatal casts 
of prajyects that are adapted, and business provides the rest. 
Since the first five projects were decided in 1988, the 
gavernment is said to be planning to provide a total af 420 

in assistance until 199%. 


Million pounds 








In France, on the other hand, since the report entitled "The Life 
Sciences and Seaciety" was submitted to the government in 1980, 
bietechneloagy has been promoted at the national level under the 
cooperation of research organizations and industry. Of France’s 
2.92200 billion francs in bistechnology research expenditures in 
1987, the government provided 2.8 billion francs, and private 
enterprises, 122.00 million francs. It is apparent that the 
nation is taking the initiative in promoting F2&D. 


We cannot overlook the EC’s F&D programs in the F&D trends of 
each of the European countries. The BAP program is one af the 
EC’s biotechnelegqy-related F&D programs (Table 4-2-10). A five- 
year program that was started in 1985, it emphasizes equipping 
the base for supporting Eurepe’s biotechnology, and basic 
biotechnolegqy research and educational training. 


Table 4-2-10 Europe’s Joint R&D Programs 


BAF! Pragram LINK Program (U.K.)? 
To promote, with a aid- to long-tera viewpoint, R&D To promote joint research in which British industry and 
relating to pre-coapetition-stage theses in the universities cooperate in order to guide strategic 


required fields of Europe's industry and agriculture. technologies, products, and services towards 
Goals are: 1) Equipping the infrastructural foundation marketization. At the sage tise it also aias at 


used to support Europe’s biotechnology, 2) increasing industry's R&D investeents, exploiting 
biotechnology research that can be applied in industry resources and reforming consciousness through industry- 
and agriculture and education/training. university cooperation, and the developaent of 


technology that goes beyond the walls of the industrial 
and acadesic vorlds. 


Period 1985 - 1989 1986 - 
fof projects 260 projects (1989) 21 projects (1989) 
Budget scale 7,500 ECU 402 aillion pounds 
Research * Equipping the infrastructural base * Electronics 
dosains Bio-inforaation, collecting * Biotechnology 
biological varieties and eaterials * Advanced saterials 
* Basic biotechnology * Advanced sanufacturing technology 


Enzyg@e engineering, genetic engineering, 
physiology and genetics of varieties 
ieportant to industry and agriculture 


Reaarks The BAP progra@ was interchanged with the 70 private industries, 26 universities, 
previous BEP? progras. After 1990 it will and 5 research organizations are participating. 
be continued in the four-year BRIDGE? prograse. 


@ | The Biotechnology Action Programme 


@2 Biomolecular Engineering Programme 


* 3 Riotechnology Research for [nnovation, JDevelooment and Growht in Burope 











Each of the Eurepean countries are basically carrying «aut 
gavernment-led F&D in which the government and the private sectar 
have became a single beady. 


(4) International Cooperation in R&D 


As is clear fram the discussian abave, af the fields in the 

life sciences, the rapid evelutioan af bicatechnalsaqy and genetic 
engineering, at the nucleus of which is recambinant DNA 
technoalagy, was a develcapment that was accelerated mast af all by 
the leadership of the U.S. 


After building upen later trends, we cansclidate cur infearmatican: 


1) The develsapment af bisatechnalagy was led by the U.S., and it 
expanded in one stroke inta global-scale F&D develcapment. 


We can say that this U.S. leadership had been based an the 
abundance of research persannel and research stack in 
malecular bicelagy and ather fields; and furthermore an the 
uniqueness of the U.S.--the genesis af carporate vigar 
resulting from bio-venture enterprises. 


As far as lacking at the numbers of research papers, the U.S. 
is followed by Japan and France, then West Germany and the 
U.E. Shall we say that the current state «af affairs 16 ane in 
which the stranpoints are scattered ameang Japan, the U.S., and 
Eurcape. 


2) Attention is alsa drawn ta the fact that the U.S. played an 
active rale as a leader with respect ta research cantent and 
concrete ceanperatican with Japan and Eurcape. 


At that time, the numeraus bBic-venture enterprises af the 
played a crucial role. These bic-venture enterprises alse 
served to link basic research af the U.S. with Japanese 
industry. 


For example, as illustrated in Table 4-2-11, international 
caomperatian amang U.S. bice-venture enterprises and 
firms grew rapidly around 13980. With this as a turning point, 
F&D in Japan’s companies and universities was further 


3) Now, F&D in Bbictechnalagy and the life sciences is 
praqgressing cancurrently in the world. 


[In Europe, Hawever, gavernment-policy-type suppert for 
saperatian between the guvernment and private sector is 


Nntensifying much mare than in Japan and the U.S., 








attention is facused an what form those effects will take in 


international cacperatian. 

Currently, anti-cancer strategies and AIDS counter-measures 

are qreat themes that the developed cauntries have in camman. 
Campetitian and cacperation at the scientific and industrial 


levels will probably expand further. 


Table 4-2-11 Examples of International Cooperation in 





























Biotechnology 
Technoalagy U.S. Firms Japanese Enterprises 
7 : —— 1 Shieoneagi 
| 7 INF Biogen | “ee 
| | Toray and Dair-ichi Seiyaku 
| G » y ; 
| vuenentec | 
| G. D. Searle | Meiji Seiyaku 
'[L-2 Biogen Shianaqi 
| Yashitami Pharmaceutical 
| Genex Industries 
Serum- | Genentech Mitsubishi themical Industries 
albumin 
| Genex The Green Crass Corperatian 
Hepatitis-—&H | Biogen The tsreen Lrass LCorpearatian 
vaccine C h 
enentec Mitsubishi Chemical Industries 
TPA | Genentech Eyowa Hakko EKoagyc and 
Biogen Mitsubishi Chemical Industries 
Genex Fujisawa Pharmaceutical Company 
Integrated Genetics Yamanouchi Pharmaceutical Company 
EPO A M Gen Tayabe 
Genetics Institute SLIN cer y 
Integrated Genetics 
lr | Fujisawa Pharmaceutical Company 
TNF Biogen 
Asahikasel 
Genentech 
| City of Hope 





Data: Iteeas taken from NIKKE] BIOTECH and other newspapers 











4-3 Changes Seen in the Field of Superconductors 
4-3-1 Changes Seen in the Numbers of Research Papers 


The emergence af high-temperature oxide supercanductars was 
averly dramatic. Fram supercoanductar theory ta applications as 
materials, the impact 1t Breught about anly shack the existing 
knowledge and hypatheses fram their foundations. 


This is expressed in the changes in the numbers af research 


papers on supercanductors, shown in Fiqure 4-3-1. 


Figure 4-3-1 Changes in the Numbers of Research Papers in the 
Field of Superconductors 
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April 13986 IBM Cherry Hill Laboratory, cantribution ta a 
journal by Drs. Hedserts and Mueller to announce 
a research paper 
September 17986 Fublicatian 


Navember 1986 Takya University, Frafessar Tanaka, disceavery af 
23-K superceanductar, newspaper annauncement 

December 1986 Tokyo University, Prafessor Fueki, announcement 
af a strantium substitution preduct 

February 13587 University af Houston, Froafessar Chu, yttrium 


High-temperature superceanductars annaunced 


If the first phase af high-temperature axide superconductors, 
which are made af yttrium and other rare earth axides, was fram 
the end of 1986 to 1987, then the Bi-Sr-Ca-Cu axides, which were 


published in January 1988 by Director Maeda af the Science and 
Technalaqgy Agency’s Natianal Fesearch Institute for Metals, 
indicate the beginning «af the second phase. 


Table 4-S-1 below brings ta the surface this great change and the 
synchransus structure of supercanductar research pramatican by 
Japan and the U.S. 


The shares in research papers changed in 1987 and 1389 as shawn 
in Table 4-3-1. In any event, Japan and the U.S. accounted far 


overwhelming shares and are becaming the world’s superceanductar- 
research centers. 


Table 4-3-1 Changes in the Shares of the Numbers of Research 
Papers in the Field of Superconductors 


Japan U.S. U.t. West Gereany France 


1987 41.0 10.5 4.2 8. 1 0.2 








1989 32. 8 16. 0 4.8 9.3 7. | 











Data: Sage source as Figure 4-3-! 


Figures 4-S-2 and 4-3-S show the numbers af research paper 
publicaticans by sectar for Japan and the U.S., respectively. 
From the mparisans f Japan and the U.S. it is lear that 
bath countries’ iniversities and aT LINAL researc yanNizati 
rm I «se - [ y 
publish the mast papers, followed by ¢ inesses, whose F2%] 


rapidly advancina. 











Figure 4-3-2 Number of Japan’s Research Papers on 


Superconductors, 


By Sector (Papers) 
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Data: Same source as Figure 4-3-1 


Figure 4-3-3 Number of U.S. Research Papers on 


Superconductors, 


By Sector (Papers) 
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Data: Same source as Figu’e 4-3-! 
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Alsa, from Fiqures 4-3-4 and 4-S-S, which shaw the 
country in the numbers of research papers published by 


universities and businesses, respectively, the following trends 
in recent years are evident. 


changes by 


1) With Japan and the U.S. showing rapid increases in the 
numbers of research papers, universities and Dusiness are bath 
playing leadership roles. The trends is bath Japan and the 
U.S. are alse synchreanous. This implies the caexistence of 
keen competitian and cooperation. 


=) Japan tends ta show a more rapid increase in the number af 
research papers than the U.S. This suggests that Japan’s 


Qrappling with F&D is quick and highly cancentrated. 


3S) In Japan, the number of research papers fram businesses 
tended to increase since 1987, but in the U.S. bath 
universities and businesses published less papers during 158%. 


We shall say that this indicates the differences in Japanese 


U.S. trends with respect ta haw they deal with research and 
release af thease results. 


ana 


tne 


Figure 4-3-4 Numbers of Universities’ Research Papers on 
Superconductors 
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Note: See Figure 4-3-1 for data sources 





Figure 4-3-5 Numbers of Research Papers on Superconductors 
in the Business Sector (Papers) 
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4-3-2 Changes Seen in Patents 


In cannectiaon with supercanducting materials, which are alse said 
ta symbolize the new materials, the leading roles played by Japan 
and the U.S. are directly revealed in the aspect of patents, tan. 
The relative pesiticons of Japan and the U.S. as the werld’s 
research centers 1s beceaming oabvicus. 


Although there is a timelag after a research paper is published, 
patent applications pertaining ta high-temperature axide 
superconductors have been released cantinususly since July 1988, 
even in Japan. 


If we arrange the data according to the year in which the patent 
was applied far, we can present the changes during the early 
phase, when yttrium superconductcars emerged, as Fiqure 4-3-6. 


It shaws an increase in the number of patent applications so 
sudden that it was astcunding. Furthermore, what we would lite 
you ta pay attentian to is that in March 1987 (1.8e., just a few 
months after axide supercanductors were announced at the end of 
1986) SO” of all patent applications were for manufacturing 
methods; when applications are included, actually 85% of the 











patents that were applied for pertained to manufacturing and 
application technolagy. 


Here, Japanese businesses’ concentration of energy on practical- 
use development of superconducting materials is conspicucusly 


revealed. 


Figure 4-3-6 Japan’s Patent Applications for High-Temperature 
Oxide Superconductors: Early Stage Trends 
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The same kind of situation is alse evident in the case af bismuth 
superconductors during the early stage after 1988. 


Immediately after the announcement in January 1988 by Director 
Maeda af the Science and Technology Agency’s National Fesearch 
Institute for Metals, patent applications from Japanese 
businesses increased rapidly, and the development oaf 
manufacturing metheds and applicatison technology progressed. 
There are some eye-openers in that vigor, which may alsa be 
described as explosive, and the speed with which businesses got 
involved. 


Tables 4-3-2 and 4-3-S show the early-stage trends in patent 
applications for yttrium and bismuth superceanducting materials. 
As 18 clear from these tables, Japanese businesses dealt with the 
Situation quickly; moreover, they applied for patents that were 
content-wise replete; and there were many businesses doing se. 
Meanwhile, as far as patents qa, the overall vitality of U.S. 
businesses has been poor, and in future technology development 
its lag behind Japan 1s expected. 
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Table 4-3-2 Early Stage Trends in Patent Applications for 


Lanthanum and Yttrium Oxide Superconductors 


Application Date 
(Priority 


Date) 





1986. 


| 
| 


1988. 


| (1987. 

1987, 
| (1987. 
1987, 


1987. 


1987. 3. 





12. 22 


1.8 
1. 9) 
11.9 


l 


l. 


C2 


12) 


17 





Applicant Release and Composition 
(Discoverer ) other data ee ee 
Kazuo Fueki Tokka? §=§3-260853 | Lu- (Sr. Cs) -Cu-0x 
(Tokyo Univ.) (10/27/88) 

AT&T Toktai 63-222068 | La- (Ba. Sr. Ca) -Cu-0. 
(Batlogg et al.) (9/14/88) 

Univ. af Houstan WO 88/05092 | (La. Y)- (Ba, Sr. Ca) - 
(Chu et al.) (7/14/88) | (Cu, Bi, Ta, T1)0x 
Tokyo Univ. lottai = 63-176353 La-Ba-Cu-0x 
C(Akij1i Tanaka et al.) (7/20/88) | 

IBM fottat 63-190712 | RE- (Ba, Sr. Ca) -Cu-0x 
(Muller et al.) (8/8/88) 

Hitachi, Ltd. Foktat  §3-190713 | (La, Y)- (Ba. Sr. Ca) -Cu-0. 
CHaruc Hasegawa et al.) (8/8/88) | 

NTT Tokai 63-225525 | Md-Ba-Cu-0. 
(Tameaki Yamada et al.) (9/20/88) 

NTT loktai 63-225526 | Tm-Ba-Cu-0x 
(Tamoaki Yamada et al.) (9/20/88) , 

ot Fokkat §3-225527 | Lu-Ba-Cu-0x 
(Tamaaki Yamada et al.) (9/20/88) 

Tashiba Corp. Tokkat §3-295524 | La-Ba-Cu-0x 
(Akatsuki Murase et al.) (9/20/88) 

Toa Nenryo Kogyo Kk. lokke! 63-225529 | anthanue-alkali earths 
(Satoru Sakurada et al.) (9/20/88) -(Fe, Co. Ni) -Cu-0. 
Takyo Univ. Tokka! 99995539 Y-Ba-Cu-0x 
(Shinebu Mizukamni) (9/20/88) | 

NTT (Shigetsura lokka? §3-99553) | (La. Y)- (Ba, Ca) -Cu-0x 
Tsurumi et al.) 9/20/88) | 

Tokyo Univ. lokka: §3-225272| Y- (Ba. Sr. Ca) -Cu-0x 


(Ak1j)1 Tanaka et al.) 9/20/88) 





1987. 3.13 | NTT loktai 63-225273 | Bj-Ba-Cy-0, 


(Tamoaki Yamada et al.) (9/20/88) 





1987. 2.5 | Sumitomo Electric La- (Ba. Sr) -Cu-0x 
| Industries, Ltd. Tokkai §3-193410 
| (Hideo [tezaki et al.) (8/10/88) 
1987.2.9 | Sumitomo Electric 
| Industries, Ltd. Tokkai 63-195116 La-alkali earths-Cu-0, 
| (Masaaki Tobita) (8/12/88) 
1987.2.17 | Sumitome Electric 
| Industries, Ltd. Tokkai 63-200506 Thin-file coil 


(Tatsuaki Ohkura) (8/18/88) fabrication 








| 


' 
' 


| 


| (1988. 1. 15) 


| 
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Table 4-3-3 Early Stage Trends in Patent Applications for 
Bismuth and Thallium Superconductors 


Application Date 


(Priority 
Date) 


1988. 1. 20 


1989. 1. 13 


1988. 1. 26 


1988. 


1988. 


1988. 


| 


| 


Applicant 
(Discoverer ) 


National Fesearch Institute 


for Metals director 
(Hiroshi Maeda et al.) 
Univ. af Arkansas 
CA.M. Aaron et al.) 
Semiconductor Energy 
Institute 

CIwahel Yamazaki) 
Matsushita Electric 


Industrial Cn, 


(Toamokazu Harimiya et al.) 


Hekst (West Germany? 
(Schoenering et al.) 
Dupeant 

(Straight et al.) 

AT&T 

(Carver et al.) 

Seiko Epsan 

CE1j1 Natori) 
Matsushita Electric 
Industrial Co, 
(Junichirea Kawashima et 
Sumiteame Electric 
Industries, Ltd. 

(Hideo Itezaki et al.) 
Institute for Praductisan 


and Develooment Science 


(Teshico Takata et al.) 


al. 


Release and 
other data 


Tokkai Heisei 1 -188456 | Bi-Sr-Ca-Cu-0x 


Tokkei Heiser 1 -219007 | TI- IT A- I B-6A-0, 





Toktei Heisei 1 Radial i. $b As, P) 
Ba,Sr,Ca,Mg) 


-192759 | -Cu-Os 


Tokai Heise; 1 -201024 | Bi- TJ A-Cu-0x 
~201025 


-201027 | 
Tokkai Heisei 1-226737 | Bi-(Sr, Ca) -Cu-0x 


WO 89/07087 | Bi-Sr-Ca-Cu-0x 


(1989, 8. 10) 
Tokkai Heisei 1 -242421 | Pb-Bi-Sr-Ca-Cu-0, 


Tokkai Heise: 1 -208325 | Tl-(Sr, Ca, Ba) -Cu-0x 


Tokkai Heiser 1 -208329 | Bi-Sr-Ca-Cu-0x 


} 
) 


Tokkai Weise: 1-28692] | Tl-Ca-Ba-Cu-0. 


Tokka: Herse: 1-242419 | Pb-Bi-Sr-Ca-Cu-0. 





4-3-3 What Caused the Changes, and International Competition and 
Cooper ation 


Superconducting materials are expected to become the extremely 
important seeds for technolagical innovation in the 2zilst century. 


Because of this, the emergence of high-temperature 
superconductive yttrium and bismuth oxides since 1986 has had a 
great impact. These were epoch-making discoveries that will lead 
to a new era in the development of new materials. 


As 1S clear from the state of affairs in patents and research 
papers that was discussed previsusly, the following points with 
respect to superconductor F&D have came ta liqht. We can say that 
these points are indicative of the qlebal changes in the overall 
new materials F&D situation and the reasons therecf. 


1) Japan and the U.S. are acquiring global leadership 
pesitions. It has become clear that Japan and the U.S. have 
formed two poles as F&D centers. 


Furthermore, the synchronicity in F&D, occurrences that are 


a manifestation of keen Japanese-U.S., and also worldwide, 
competition, is becoming oabviscus. 


) Nevertheless, there are some aspects that we should pay 
attention to: the great vigor in the F&D af the Japanese 
business sectear, and the speed at which research in 
supercanductors 1s evolving towards manufacturing technealoay 
and applications. 


Because ceramics techneloqy is a basis, too, perhaps we 
should also not overlook the aspect that superconductor F&D 
is suitable for the Japanese business sectoar’s involvement. 


S) Cenversely, we get a strong impression that overall U.S. 
business vitality 15 waning. 


We can think of this trend as a reflection of U.S. business’ 
judqment that the commercialization of supercenductors is 
difficult in the shert term. We can also think of it as 
pointing tea the unique side of U.S. business that crients 
itself towards development with shert-term prospects. 


This kind of vigorous F&D in superconductors, which can be seen 
in research papers and patents, has became further accelerated in 
government policy measures. Table 4-3-4 exemplifies 
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Table 4-3-4 Japan’s Policies for Promoting Superconductor R&D 


1987 "On Basic Policies for Frometing Superconductor F&D" 
Council for Science and Technology 


1988 Science and Technaloagy Agency’s superconductor research 
- Multicore FProject launched 


Ministry of Education’s scientific research support funds 
- Elucidating the mechanisms of superconductivity 
- Fesearch on high-temperature superconductors 


MITI’s Next-Generation Base Technology F&D 
- Superconductor technology and superconducting devices 


Fesearch and Development Corporation of Japan 
- Supercenductar high-tech canseortium 


Anxiagus about these kinds of trends in Japan, the U.S. moved 
towards the farmation of a cooperative government-private system 
for the development af superceanductors, but sca far there have 
been no visible results. 


Participation by the U.S. business sector in the field of 
superconductors 165 not very noticeable. Ferhaps this 1s 
indicative of the dwindling vitality of that sector. Ferhaps it 
is the one side of the coin where there 1s not that much interest 
in supercanducteors as a business. Preferably, perhaps the U.S. 
business secter thinks that the attitude of Japanese business is 
unique. That is, the tendency for cancentratian on ebjectives and 
the predisposition towards excessive competition that 15 seen in 
Japanese businesses’ F&D, and the height of the interest in 
manufacturing and applications technoalocay, 1s unique. 


Nevertheless, we can see from the co-authors of research papers 
and ather collaborators that joint research by Japanese and U.S. 
universities and businesses, and alse Japan-U.S. cocperaticon, is 


“> 


maving out af early-stage F&D. As can be seen in Table 4-3-5, 
there are some natewarthy developments in the evolution oo 
international cocperation at the scientific-research level. 


As far as the present state of affairs, though, Japan’s 
leadership in the development of supercanducting materials 1 


abvicus. We cannat deny that Japan is shouldering a major role 
that will lead the world’s future F&D. 


Fram that standpoint, we must alsa take into coansideratian the 
F2D vitality of Japan’s business sector. 











Table 4-3-5 Joint International Research Seen in Co-Authored 
Research Papers (Japan 1987-88) 


Japanese Research Organization 


University af Tokys 


Institute of Technology 
7 f T CZ be y a) 


Tinh y 7 
Univ. 


Tohaku University 


Toyama University 


University oaf 


University af Takys 
Tokyo Institute of Technology 


University of Toakys 
Institute of Technology 
Ochanemizu University 


Takya 


Tohoku University 


Tohoku University 
Okazaki Molecular Science Lab. 


Tohoku Urhiversity 
NIT T 
Fageoshima University 


Waseda University 


Malecular Sce1ience Lab. 








Foreign Research Organization 





Brookhaven National Lab. USA 
_Exxon Research & Engineering Co. 


USA 





Univ. British Columbia CAN 
Lockheed Palo Alto Research Lab. USA 





Solar Energy Research Institute Co. USA 





Univ. Antwerp BEL 
SCK/CEN BEL 
State Univ. Leiden NLD 





Brookhaven National Lab. USA 
AT&T Bel! Lab. USA 
ETH-Honggerberg CHE 





Univ. British Columbia CAN 





l British Columbia CAN 
TRIUMF BC CAN 
Univ. Saskatchewan CAN 


Univ 
ae 





Solar Energy Research Institute Co. USA 
Univ. Paris-Sud FRA 
Univ. Degli Studi di Roma “La Sapienza 


Ine la ai Biecer Te 
Instituto Nationale di Fisica Nucleare [TA 


- 74 
4 








Massachusetts Institute of Technology USA 
Brookhaven National Lab. USA 

lowa State Univ. USA 

Brookhaven Nationa! Lab. USA 

Exxon Research & Engineering Co. USA 





Lausanne Univ. CHE 





rarer 


Research INL 





Massachusetts Institute 
Brookhaven National! Lab. 





Brookhawen Nationa! Lab. USA 





Data: Research and Developeent Corporation of Japan’s databook 


a) 1) : . 2 ' ' ‘ rc 
Brookhaven National Lab. USA 


* - al ’ ’ 
Massachusetts Institute of Technology 
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collection 





4-4 Changes Seen in Aerospace Fields 


As a field that initiates technolagies, aerospace technalagy 
always cantinues ta extend a 'technalagy spillover’ effect an 
ather fields, and it has came ta be recaqnized as a mative farce 
that builds up taday’s leading-edge technologies. 


For that reason countries throaughsaut the world nave came ta 
actively support the develapment af aeraspace technalaqy and 
leng-term, large-scale aerospace prajyects. Up ta this paint the 
U.S. has cantinued ta lead the world in the develapment af 
advanced technelogy. That internal structure, however, is 
realizing varicus changes. 


4-4-1 The Aircraft Field: Circumstances and the Present 
1. U.S. Leadership (1945 - 1960's) 


The U.S. led the world in aircraft technolagy after the war. It 
invited German engineers and then put them te work in jet and 
rocket F&D, thereby attaining straiqght-cut rapid preaqress. 
Furthermore, it leads the world in civilian aircraft after having 
made the best use af the largqe-bamber technalagy that it had 
accumulated during the war, and then immediately develaping large 
passenger planes. 


There was alsa post-war U.S.’s plunge inta the era af the Cald 
War with the Seaviets. As a result, military aircraft F&D, which 
was guided by the Army, Navy, and Air Force, became proaspercus. 


ul 


Missiles (rackets), which developed mainly in Germany during 


World War II, alsa came ta show astcunding grewth after the war. 
The demand far fighter planes and bambers, which up until then 
had accounted far 80% af expenditures for military aircraft, 


fell; enthusiasm for F&D alsa drapped. In 19358 missile sales rose 
fo =25%~ af the aeraspace industry’s total sales. Missiles’ 
strangpoaints were that 100% af the orders were fram the 
Qgavernment, and their develapment casts were higher than thease 
for airplanes. 


At the start af the 13960’s. the canversicon of military-use super- 
large transpert plane technalcrqy caused the aerospace industry te 
el 


Je. “p tne third generation af passenger planes. Boeing had ¢t 
mplete the B747; Mcedeannell Deuglas, the DELO; and Leackheed, the 
Tristar. NASA was alsa cooperating in the develapment that 
resulted fram thase research efforts. After 13565, Nawever, 
anges t k place: the use of electronics in aircraft progressed 
Jue toa the increasing saephisticatian af military aur ATT, A 
Missile equipment and mability was emphasized; airframe 


> = mF =) ae on 5 1 4 = ~ - v. ~ , ~ + , + ~ , 
a) iid ly 1 Military and mmner lal ALreraft had 
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Figure 4-4-1 Aircraft Developments and Future Prospects 
Representative 
Application Airfraee Engine 


Generation Aircraft Year Technol ogy Technol ogy 


Era of higher speed and diversification (era of space + aircraft 





Manned space shuttle SP Air-bridging 

HST 2000 C/C eaterials engine 
Second-generation SST SST Powder eetalluray 
V/STOL VSTOL Al control 

FSX ¢ FRM (fiber-reinforced aetal) Variable-cycle engine 

, laminar flow used in the SST 
8777 1990 Prigary structure Super-high bypass 
Composite @aterials engine 


Super -energy-efficient craft MD91 
Soviet’s shuttle success A340 SAS (stability augg@entation systea) 


quest of econoay 











A320 High aspect ratio ¥2500 
STOL aircraft (Asuka) B747-400 High tensile alusinue 
space shuttle success (U.S.) B-1B 
Fourth-generation jet B767 1980 secondary structure Third-generation turbofar 
F-16 yaposite @aterials 
F-15 Ri displays 
The era of high-voluee tranport 
Third-generation jet P-14 Super-critical wings 
C-1 Digital autowat ntr sec ond-gener at turbofa 
B-747 
First-generation SSI concorde 1970 FJR-710 development 
Mach-3 flight (SR-7 PS- Ulyapus 593 (SST engine 
second-generation jet B72! )-NAY 
MU-2 
The era of )7t a rait 
1S- 39 Au pie w-O¥YDaSS urd 
rst-generation jet B7¢ vie af ed turbine 
0C-B 
‘he age of propeller planes 
supersonic speed Oreakthrough person rurdojet 
] hs ve y re p 
omet et 
ket develop@ent Highcount 
ye’ a@any 
ae 
44 








Advent of civil tranport planes 


08-3 
8247 
1930 Flap (split) 
Kokenk 
Retractable landing gear Variable-pitch propeller 
Metal planes 
1920 Monoplane Supercharged engine 
Junker's J-1 Star-shaped engine 
Military use Cantilever wing 
wh 
Fokker 
L910 
Mail transport 
Sikorsky 
Biplane Gasoline engine 


First flight by the Wright brothers (17 Deceaber 1903) 


Hot-air balloons, airships, glider planes 


t The aircraft/engines in whose develop@ent Japan participated are underlined 





Data: “Kikai Shinko* (Progoting Mechan: 











Like West Germany, Japan’s aircraft industry, whose emplcyees 
numbered 1,000,000 1n peak times during the war, alsa disappeared 


as a result af the aircraft-proahibition accupatianal policies 
that were adapted. But after the "aircraft ban was lifted" in 
March 1952, the coampanies that had been develsaping and producing 


Aalrceraft before the war all at mnce branched aut. 


At first, Japan intreaduced fighter plane and «ather advanced 
technolagy fram the U.S. and engaged in licensed praductican. 


Nevertheless, in develapment requiring advanced technology, there 
was toc great a disparity between Japan’s technalaqgy and that af 
world, and much of its F&D did nat make it as far as practical 


applicaticns. 
2. Europe’s Rise and Joint Development (1970 —- ) 


With the canclusian of the Viet Nam war, and, tac, the sudden 
JUMP AIM raw material casts and personnel expenses due te he oil 
“rises, U.S. defense expenditures decreased during the early 
1970’ s. Furthermere, because President Carter, whoa emeraed in 


1974, put the brakes on F&D expenditures for military aircraft 
that were casting increasingly enormous sums af money, new 
aircraft F&D slowed dawn. However, new aircraft development 
became active again after Fresident Feaqan, whe assumed ffice 1 


1981, pushed for increased defense expenditures. 


~~ -_ | - . ~ . - ~ , . . 
Nevertheless, wW1tr the advances 1N sSsemicanduct YS, Ot 
2lectramics, iasers, and other such tecnnalagies, the t f 

= ] ~e Cf : - . . .e . < . } > ; 
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Figure 4-4-2 Each Countries’ Aerospace Industry’s Sales Volumes 
(converted to U.S. dollars) 
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Figure 4-4-3 R&D 


Expenditures 
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Figure 4-4-4 U.S. Trade in Aerospace Products ($ millions) 


($ aillion) (Exports) 

















000 » U.K. 
Z-~ Japan 


2, 500 | gy France 


s~ 


~~ 
2 
<> 
\ 
‘ 


4. West Gereany 








= 


1984 1985 1986 1987 1988 


svUV 


($ @illion) (Imports) 


France 





° 
Ya 
i 
wo 
Japan 
eset Germany 
a 


4 . a 2 a. rr a > + ~ - | > + 
oa ~ - a 9 i) ie aA i 4 ® 
~- - - ~ ra ~ i] 
= = 2 jn et t >t w at -rel!l ated 
i SjAY r r r "4 = 4 r T > : 4 - +> 
= , ~ 4 e $ . y » 4 = 
4 l — T a ? r yr 2G. £3 4 


C > r > T 
> -* ~ 41 4 — 
+ 
_ - T a .s 7 
4¥y 
=| . . . +> 
— = e 2 3 e "1 > 
4 ’ _ aa a = 
. 
> 4 + > 
—~ T) ? > > r 
a = wa 
> 
f=) 2 = — 
7 > +> + 
w ~ 
2 ~ > ? > 
a” 
“a a 








4 
- 
uy 
Wi 
D 
n 

o 
2 
1) 
D 
D 
3 

+ 
pa 

x 
Hu 


S require trillions of yen. 
Anat caver all of casts alone, 
urcpe and Japan has been und 

1s - 1S approaching a stage where 
the "lane runner" system, a farm in which it 1S praminent, must 
alsa steadily change. 


J 1p 
» 
D 
ct 
~ 
\ 
U 
! 
mT) 


iD 
x 


1D 


S, Joint develapment starting 
ecame the mainstream since the 


~~ 


Meanwhile, in the European countr 
th military aircraft has 


O 


4 


w 
3 
2 
— 
Ht 
Wi 
vt) 
| 
D 
7 
T 
ie 
J 
ct 
i) 
D 
J 
D 
. 


) e ; lopment of a European fi 
plane that the U.F., West Germany, Italy, and Spain starte 
t ~ 


OL 
C1. a) Te) 
ut 
7 
O 


he Faphal, which was jointly developed by bath the U.F. an 
France. Ferfoarmance that rivals that af the newest and mast 
powerful aircraft af the U.S. 15 the objective far bath of these 
ormjects. Until this peint, the European countries did nat have 
sufficient capital and therefore had abandoned the develapment of 
New types of a ] S., but 


lrcraft. AS a result they fell behind the U. 
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these development projects. : 
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Figure 4-4-5 Airbus Industrie’s Market Share 
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already secured, 1t 1S an influence that will extend further. In 
1985 its empl numbered 45,000, which corresponds to one- 
fourth of all urape’s aircraft companies’ employees; in that 
respect, it ranks with Boeing. 


mayee 
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mw 





The development costs of the mammeth aerospace prajects 
currently being planned by Eurspe and the U.S. § . t 
Eurapean fighter plane, the next-qeneration supersonic r 
plane (SST), the space plane that will be the successear to 
space shuttle, space deve 
are becoming so large th 1 
cannot campletely finance these projects. In that alone, a 
canfiguratian resulting from the cooperative systems of European 
countries, where F&D expenditures, F&D organizations, and 
researchers are efficiently employed, will come to play a qreat 
role in the future. Awaiting the Et unification that is planned 
+ 


D 
D 


mpment, etc.) are enormous. Th 


e country--even the U. 





for 1992, 1t 1S hypothesized that Eurspean joint develapment 
systems will be further strenqthened. Fepresentative examples are 
the jyoint research and space develepment projects by the Eurcpean 
Space Agency ‘ESA). Furthermore, commercial satellite launches 
using re-usable Ariane rockets, Joint European operations that 
are centered on France, and other such activities will become al! 
the more vigerous in the future. These kinds of joint peratians 
are reqarded as something that will aqrow into increasingly 
powerful systems. It 1656 hypothesized that they will strenaqther 
the bond between all the regions of Europe and will arow int ne 
larqe aerospace industry that will rival that f the U.S. 
Meanwhile, Japan’ aermaspace ind try ha achieved splend: 
Qrowth since the 1970's. For example, 80% f 1ts aircraft 3 | 
1s supported t the riowt fense nption; sale 1989 
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However, for a lang time controversy continued over the 

development of the FSX, the next suppert fighter plane af the 
Japanese Air Self Defense Force. A joint Japanese-U.S. effort 
that had been decided upon in 1989, the FSX met with considerable 


oppasition fram the U.S. Congress that 15 wary of the sutflow of 
leading-edge aircraft technology from the U.S. ta Japan. It was 
the same situation with the YXX/B777 commercial transpert plane, 


whese joint development with Boeing was decided upon in 1990. 
What the U.S. 15 most anxious about 1s that the technology 
transferred from the U.S. to Japan as a result of the FSX joint 


development would be adapted to commercial aircraft, Japan would 
scooner or later make inroads in the commercial aircraft martet 
and then would plunder the U.S. market. Already there is 
insistence that Japan should supply the U.S. ‘General Dynamics)? 


with its techneloaqy for forming single-bedy main wings made of 
use carbon fiber materials, technoleqy that Japan 1s said te 
excel in. 


Supported by high technology for the people’s livelihood, Japan 
now ranks tops in the world in some aerospace-related parts, 
materials, production technology, and the quality of these. We 
can say that a result of that is these problems that occurred 
between Japan and the U.S. 


The fields that Japan 1S evaluated highly in are optical, 
electronics, and composite materials technologies, all of which 
have developed as technologies for the people’s liveliheed. In 
the field of aersspace, as far as the nature of technology qnes, 
high reliability 1S demanded 1n compenent parts. For this reasan 


it 16s sald that 70Z af the It’s used in U.S aerospace today are 


Japanese-made. 











Table 4-4-1 Commercial Transport Planes: 
Development and Joint Operations 





























Year Put Type Of Number 
Into Service Aircraft of Seats 
1969/F28 | 40~65 
| | | 4g~7 
| | | 48~79 
|1974)A300 | 230~280 
| 
{ | 
| 1974 | Mercure | 132~165 
| | | 
| 
1975 |VFW6ld4 | 40 
1976 | Concorde | 128 
1982) B767 | 180~230 
1983;}A310 180~-230 
1992;A340 260~ 300 
Planned) 
1993 ,A330 330 
Planned 
Data: Society of Japanese Aerospace Coapanies, Inc. 
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Table 4-4-2 International Joint Development of Military Aircraft 
First Flight Type of Aircraft Developer (Nationality) 


Fixed-Wing Aircraft 





February 13963 Tranzer 160 VFW and MEB (West Germany? 
Transport plane Aerospatiale (France) 








September 13968 SEFPELCAT Jaquar BAe (U.K. ?) 
Attack plane/ Dasobureqe (France) 
trainer plane 

October 19373 TASO1 Alphajet Deorunie (West Germany) 
Attack plane, Dasobureqge (France) 
trainer plane 

August 1974 PanavialcoO MFCA BAe CU.K.) 
Tarnada MBE and VFW (West Germany 
Multi-objective Airitalia (Italy?) 
tactical plane 

Octeber 13974 SOF O/CNIAF Orac SOKO (Yugoslavia 

ulti-abjyective CNIAF Fumania 
tactical plane 

May 17384 AM—*x Airitalia Italy 

Airumaki Italy 
Being developed Attach plane EMB Brazil 
Rotatinag-Wing Aircraft 
Jz=teber 1987 EH-1 Westland ‘ft + 
4 Ta [+ a} 
. . 4eve! =cJ 7 + +r spatiale 3 ar 2 
MEE west 3¢ TN 
Heina devel] ped Or + a 


Data: Society of Japanese Aerospace Companies, In 








Table 4-4-3 International Joint Development of Engines 


Formal Approval Type of Aircraft 
(Author ization) on which Engine 
Year Engine Developer is Mounted 

1972 Adoa Rolls-Foyce 2,5 P=! 
Churubomeka Jaquar 

15735 Olympus Rolls-Royce Concorde 
SNECMA 

1378 RB-109 Folls-Foyce Panavia 200 


Turbea Unien 


13979 FMS6 5eneral Electric DL-8 
SNELCMA B737 
ASLO 
1388 V2500 Japan Aircraft 
Engine Assoc. 320 
Pratt & Whitney YXX/B7J7* 
FPoalls-Fayce MDS0O series” 
MTU 
Fiat 
EJLO0 MTU Euroafigqhter 
Fiat 
RFolls-Foayce 
under development) SENEF 


# Type of aircraft on which the engine is planned to be eounted 


Data: Society of Japanese Aerospace Companies, Inc. 








4-4-2 Technological Developments in the Space Field 






i. U.S. Leadership and Those Changes 





The success of the Seviet launch of the Sputnik, the world’s 
first artificial satellite, in October 1957 shocked the U.S. and 
resulted ina tatal change of the U.S. space development system. 
The shack was that the Soviets had beaten them to the punch. When 
the government made the move toa recover its position, which in a 
sense, toc, was to recover national prestige, it invested 
tremendous sums of money in space development. Afterwards, the 
U.S. and the Seviet Union were rapidly heading towards the path 
cof huge development. 














First the U.S. made bread changes to its aerospace development 
system. In July 1858 NASA was established. 










Within a week after its establishment, NASA decided te start the 
Mercury Frogqram. Over the next two years it mapped out plans for 
the future, including plans for building up its organization. In 
February 1960 it drew up a ten-year pregram that included manned 
space flights, planetary exploration, and scientific satellite 
launches. In June 19361 President Kennedy announced the Apoalle 
Program, saying that "by the end of the 1960’s we will land a man 
an the moon." Table 4-4-4 shows a summary af the rockets and 
spacecraft used in this series of programs. 










Table 4-4-4 Content of U.S. Manned Space Flight Programs (1960's) 
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The greatest problems that NASA faced in making these huge 
naticnal projects a reality were, of course, in the F&D of 
advanced S&T, but beyond that there was alsa the overall 
coaarydinatiaon and creation af systems that involved administra- 
tian, ecanamics, national defense, and frareiqn policy. AS a 
consequence, where NASA would place its orders for machinery and 
other develapment had much in caomman with the Fentagan’s 
pracurement system, which came ta be diverted far NASA’s use, so 
NASA and the Fentageon built up a system of close cooperation. 
Furthermore, it was the first time that prajects which mobilized 
a broad range of nen-goavernment F&D strength could grow soa large. 
As for the cantracts to develop each part «af the systems, crders 
went mut in large volumes toa primarily aircraft and electranics 
campanies. 


Tagether with the fact that space militarization had escalated, 
the prametian of commercial activities in auter space, which were 
getting inta stride, was at the center of U.S. Space activities 
during the 1970's. It was the "cammercializatian af cuter space” 
that was based on the series of technealagical results achieved 
during the 1960’s. Cansequently, what was mast aften asked abaut 
were investigations inta what kinds of transport systems and 
satellite-launching methads were more efficient and mare 
economical, and the develapment af those systems. 


Hecause of this kind of state of affairs, the develapment af the 
Space Shuttle was appraved by Fresident Nixon and started in 
January 1972. 


Developed through the joint effarts af NASA, the Fentagan, and 
aeraspace companies, the Space Shuttle Columbia’s first flight in 
April 1981 was a success. During this time the total coast of its 
development rase toa about $10 Billion. For about five years, 
until the Challenger expleasicn in January 1986, there were 24 
succesful flights during which satellites were launched and 
Various experiments were canducted. Then after September 1588 
launches were resumed and cantinued without interruptican. 


Although the Space Shuttle’s economic characteristics were given 
pricarity when it was planned, ecanomic problems were once again 
locked at clasely after the Challenger explesican. This was 
because there were gross averruns of the initial budget 
estimates; morecaver, satellite launches came to a full-scale stop 
after it became necessary to re-inspect all af the Shuttles. 


Up until the explasion, gqavernment requlaticns were strict and 
there was na profit in private commercial-satellite launches. As 
a result, disposable-rocket production lines were inevitably 
discontinued. But the situation changed campletely after the 
disaster: in February 13588 Fresident Feaqgan announced a new space 








pcalaicy, anc, swing tao the remeval af requlaticns on commercial - 
satellite launches and the simplification of legal pracedures, it 
seemed ta instead reccommend cammercializatian. 


International canperaticon with Western Eurapean countries, Japan, 
the U.S.S.F., and sther countries is alsa became vigorous, and a 
series of projects are evalving, e.qg., U.S.-Saviet spacecrait 
decking, planetary exploratian, scientific observatians (the 
Spacelab, Galilea, Landsat, COFAS-SAFSAT, (ISAFRF), etc. 


As for post-Space-Shuttle programs, the unmanned space staticn 
praject is being developed thraugh the internaticanal canperatiimn 
af ESA, Japan, Canada, and sther countries. Furthermore, proagress 
is also being made in the F&D for the space plane, a campletely 
re-usable type of aera-spacecraft, and the development of the 
"Shuttle ©" and ather such unmanned freight-transpart shuttles 
that will make raundtrips between the earth and space stations. 


And, an the military side of things, develapment work 1s 
cantinuing an the gigantic SDI system, which was announced in 
March 1983. 


Hawever, the SDI, Space Station, and Space Flane preqgrams, and 
other such massive projects all have overrun their initial 
budgets; in addition to technical difficulties, their development 
is behind schedule, and their budgets alse have ta be reduced. 


2. Europe’s Changes Toward Collaboration 


In the early 1980's, ESA programs invelving cacnperatian amang 
Eurcpean countries steadily breught farth results. 

Most af these programs cansist of groups of researchers and 
engineers dispatched from siqgnateary countries. Three-fourths caf 
the ESA budget is financed by the signatory countries’ budgets; 
the individual gevernments defray SO te 100 percent af that 
amaunt, and the remainder cames from businesses participating in 


the pragqrams. Alsa, France, West Germany; the U.F., and Italy 
bear about two-thirds of the goavernment-defrayed funds. 


ESA’s strangpaints are that the siqnatery countries are obliqed 
ta participate in scientific satellite programs, basic research, 
and the like, but participation 1s becoming veluntary in 
practical-use satellite programs and ather such pregqrams that are 


directly attendant upon economic interests. Also, each cauntry 
emphasizes different programs: France, the Ariane racket program; 
the U.FE., satellites; West Isermany, the Spacelab and Columbus 


programs. 
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Table 4-4-6 Major Countries’ Space Development Budgets 


(100 aillion yen) 
U.S. (exciuding that for ailitary use) 
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# For West Gerany, only budgets relating to researchers and engineers (BMFT) are shown 
Data: "The World’s Aerospace Industries® Society of Japanese Aerospace Companies, Inc. 


Furthermore, the ESA pregrams are serving ta invigorate 
comperaticn among businesses that goes beyond national bearders. 
Monsartia are forming and are collectively receiving arders fram 
ESA for concrete development projects and production. 


As for the picneering Ariane rocket, 45% af whase total budget is 
defrayed by France, it is used by the Ariane Space Campany fer 
launches that are entirely business-based. Separate fram ESA, the 
Ariane Space Company was established by CNES, S6 private European 
companies and 13 banks in 1980 (France finances 68%). In a lessan 
learned fram Eurape’s defeat, the Ariane is a low-priced rocket 
in which existing techneleqy was exploited and reliability and 
ecanamy were stressed. That cauntries cutside Eurspe, including 
the U.S., account for more than SOZ af its total arders proves 
the success of the Ariane. In the same way it rivals the U.S. in 
mommercial space activities. 
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3. Japan’s Development 


Japan’s rocket development, which is linked te its space 
develapment, began early in camparisan with ather countries af 
the world. It started with the University af Takyo Space and 
Aermnautics Institute’s research aon a pencil-selid racket, which 
was launched in 1955. The National Space Develapment Agency af 
Japan (NASDA), established in 1965, was put in charge af the 
develapment of a large rocket for launching practical-use 
satellites. 


Since the establishment of the Space Activities Commissican, 
Japan’s space develapment has involved increasingly larger-size 
rockets: NASDA developed the N-1, N-2, and H-1 rockets, the 
technaleaqy for which was intraduced fram the U.S.; the H-Z, whase 
launch is planned far 1992, has nearly the same launch capability 
as the Titan and Ariane, the main rackets af the U.S. and Eurcpe, 
respectively. In cantrast ta the N-1 and N-2, whease technoalagy 
was introduced primarily fram the U.S., all except for the first 
stage of the H-1 was domestically developed. Furthermore, all of 
the H-2 was develaped within Japan. Altheugh the cast is 
camparatively high because Japan launches a smaller number af 
satellites than the U.S. or Europe, its space develapment has 
grown ta the point where nat anly will there be domestic 
commercial satellite launches in the future, but there is alsa a 
poassibility that orders will came from overseas. 


The develapment of scientific satellites is based on independent 
development using parts that are made in Japan, theugh seme parts 
are procured fram foreign countries. 


Fragrams pertaining to the space infrastructure are unlike other 
pragrams: same take the form af internatianal cacperatian, and 
lang-term, future-criented F&D 1s promoted. 


1) The manned space statican 1S a joint international prajyect by 
Japan, the U.S., and Canada. Japan’s independently designed 
experimental modules are the pressurized secticn, the 
exposed sectican, and the supply section. 


<) The «erbital transfer vehicle ‘¢OTV) 


3) Amidst the surge in space envireanment utilization, the space 
shuttle will transport freight ta and fram the earth and 
space staticns or ather spacecraft. NASDA’sS current hope 1s 
that it will be launched fram an H-Z rocket. The Naticnal 
Aerospace Laboratcary 15 now engaged in research an a winged 
harizantal-take-caff-and-landing-type re-usable manned spare 
shuttle. The Institute of Space and Astranautical Science is 
daing research on a winged "flying beady" and ather projects. 








Hawever, Japan Nas hardly any experience with space shuttles 
and 1S lagging far behind the U.S., which has an abundance 
af results and experience. 

4-4-3 Changes in the International Structure of Aerospace R&D 

1. Importants Factors in the Changes 

As seen above, aerospace S&T 1s heading in the direction of 


international F&D. These changes are illustrated in Figure 4-4-7. 


Figure 4-4-7 Direction of the Changes 
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of enterprises) 


A. Vaster Amounts af Maney ta Cover Aircraft FP&D Expenditures 


As shawn in Fiqure 4-4-8, there has been a noticeable rise in the 


R&D casts for civil transport planes, which were cut af 
prapartian ta the grawing saphisticatiaon af the techneoleqy used. 
The Cancarde supersonic passenger plane (100 seats), in 


particular, is the mast technalagically advanced, soa its F&D 
casts are close toa four times higher than those for the wide- 
badied passenger jet by Airbus (270 seats) that will soon be 


developed. Since the ail crisis of 1973, F&D casts have became 
increasingly higher due ta the sudden jumps in persannel 
expenditures and the cost of raw materials. Now, develcpment 
masts for the ASOO class af aircraft are estimated at 300-3900 


billion yen. 


In military aircraft, taa, there has been an astoundingly sudden 
jump in the procurement prices of Japan’s main fighter planes 
(all of which the U.S. develops and Japan preduces under 
license). Shawn in Figure 4-4-3, these have increased about 400% 
in the last ten years. The price of a large U.S. B-1 bember, 
estimated as of 1981, far example, is as High as 60 billisn yen. 
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Figure 4-4-8 Aircraft Development Costs 9230 
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Figure 4-4-9 Vaster Costs of Aircraft Development (Military—Use) 
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With the casts of televisions, automebiles, and sather such 
praducts for the peaple’s livelihecd rising about two ta three 
times aver the past twenty years, the tempo af the rise in 
Aalrcraft prices is fast. 


BR. Vaster Space Development Lasts 


If we compare the F&D casts af the three manned flight programs 
af the U.S. during the 1960's, as Shown in Figure 4-4-1090, 
although the scales and development pericds af each program are 
different, what stands aut is that the ameaunt af maney spent «an 
the Apalla Fragram was an order of magnitude larger than the 
masts of the other programs. 


Figure 4-4-10 Vaster Space Development Costs 
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I. Langer Time for F&D 


From initial conceptual design to campleticon, it takes about 
thirteen years to develop the latest jet engines that are used in 
alrcraft. There 15 an abvincus difference when this 1s compared tn 
the faur years spent on the JS jet engine used in Japan’s trainer 
planes that was campleted in 13960. Because the demands far 


reliadility and safety in a jet engine, the heart af an aircraft, 
became mare stringent with time, and because there are 
Increasingly mare kinds of validation tests that should be 
carried out aon the engines, the develcpment pericd gets longer 
due ta that alone, and develrpment casts are also rising. The 
same alsa Holds true for airframes. 














D. Increased F&D Fisks 


It is anly natural that the increasing sophisticatican and 
complexity of technolegy makes it difficult to develap new 
aircraft. Then, as the F&D period gets langer, there is a greater 
possibility that during that time the development will be subject 
ta economic fluctuations, or that the demands of the market will 
change. Bath of these increase the development risks. 


On tap of that, it takes 20 to SO years to recover the 
develapment casts. It 15s estimated that nowadays to ga past the 
break-even point and recaver the cutlays spent on developing a 
new civil transport plane, 2000 planes must be proaduced. 
Hawever, there are anly two or three prijects invelving civil 
aircraft developed after Werld War II where the coasts ceuld be 
recovered. 


This makes private-sector F&D difficult and a shift over te 
nationalization, or financial support and preferential treatment 
fram the qavernment, essential. Sa, because the burden ina 
single country is great, binaticnal oar multinaticnal 
collaboratican becomes an inevitability. 


2. International Joint R&D 


In order ta avercame the problems accurring with the aforemen- 
ticaned changes in aerospace technology, ar the sbstacles that 
make new F&D difficult, countries and businesses are taking 


various steps, at the center af which 168 international joint F&D. 
A. The Acceleratian of International Joint F&D 


This aften takes the form af the following kinds of joint F&D and 
joint operaticns, which include nat anly Eurepe but alse the U.S. 


- Mast immense F&D projects in the field of aerospace ‘(the 
develapment af civil transport planes, supersenic aircraft, 
engines far nan-goavernment use, rackets, the space statin, 
the space plane, satellite launches, planetary exploration, 


scientific observations) have come to take the form af goint 
F&D. 

That trend has became canspicucus since the middle of the 
1970's, when develapment casts increased as a consequence of 
the sudden jumps in perseannel casts and the prices of raw 


materials due toa the o1l crises. 


. In addition, the aperatians of joint capital companies 
Carqganizatians) such as ESA, which was formed by Eurcapean 
cauntr1ies, Arianespace, Airbus Industrie, and the IAE have 











been successful and will cantinue te expand in the future. 


- From the perspective of national defense, in the develapment 
af fighter planes and «ther types of aircraft that were aften 
develaped independently by each country, there 1s the same 
kind of trend with the Eurcfighter and the saint Japanese-U.S. 
FSX development, thaugh it 1S somewhat special. 


BR. Ecanamy Stressed 


Up until the middle of the 1560’s ecanamy did not matter as much 
in aerospace F&D. That trend was typical af the national space 
development projects, in particular, and military applicacians. 
After the ail crises of 19735, Nowever, sudceen jumps 1n raw 
material and personnel casts caused development casts ta Scar all 
at ance. First there were strict inquiries abou’ the ecanamic 
characteristics of civilian requirements; military requirements 
then follawed. 


The following examples are patterns that express the 
characteristics of future trends: 


- The greatest reason why the European countries fell behind the 
U.S. during the 15960’s was ecanemic problems: as F&D prajects 
gat larger, businesses and nations ran inte financial 
difficulties. Tm counter this, the countries created joint 
capital canfiguratians such as ESA and Airbus Industrie. 


- Because of finances and the great risks involved, F&%D at even 
Baeing, the largest civilian transport plane develcper and 
manufacturer in the world, has had to assume a form af 
internaticnal joint develapment, as seen in the YX/B767 during 
the 15980’s. In engine development, toc, the world’s larqest 
engine manufacturer, GE, Nas been carrying sut internatisnal 
Jaint research since the 1970's with SNECMA (France) for the 
develapment of the CFMS6é. During the 19580’s that trend has 
became increasingly noticeable. 


C. Development af Nationalizaticn 


As a result af the vaster size of projects, the greater risks 
invelved, and ecanamic reasons, mast aircraft and space 
develapment in the develsping ccauntries and in Europe has come to 


assume a farm that 15, 1n Substance, national projects. 


- In the Eurspean countries, aeraspace businesses have cantinued 
ta cansalidate since this started in the 1'9950’s. By the 1'980’s 
it 16 becaming a canfiquraticon where there is virtually cone 
aeraspace business and ane engine business ‘public 


mor paraticn) in a given county 
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In Japan, although there are several aerospace businesses, 
mast military applications and space development efforts are 
develaped entirely within the national Bbudcet. Also, Basic 
research and development preajects in the area of civilian 
alrcraft, except for small-scale cases, are developed with 
financial assistance (50% - 75%) fram the qavernment. 


In the U.S., toc, fram the defense perspective and fram the 
fact that aerospace is the largest export industry, there are 


tax breaks and considerable funding assistance fram the 
government for military applications, as a matter of course, 
and civilian aircraft as well. Very much unlike the ather 
industries that produce other geods for the livelihood af the 


pecple, the aerespace industry is substantially dependent upean 
the nation. 


Changes in the International Structure of Technology 


U.S. aerospace still surpasses that af Eurape and Japan in 
advanced technaloaqy F&D and in scale. 


However, due tea the gqrewing size af the industry and the 
increasing saphistication af aeraspace technoalaqy that has been 
discussed up te this point, the shape of F&D must change. 


International jaint development, which has beceme the 
mainstream in the world since the 193980'’s, facilitates the 
transfer af technoalaqy amang nations, as can be expected. That 
in turn brings forth the equalization af nations’ technalragy 
levels. It is an outflow from the U.S., where the level of 
technalaqy is high, ta Europe and Japan, where it is law. In 
the mainstreams af the 1960's, the U.S. and life sciences 
praducticon, Japan and Eurape mastered U.S. praducticn 
technoleagy; joint development during the 1980’s is bringing 
about the acquisition af advanced F&D and desiqn techniques. 


Alsa, because development expenses grow ta massive amounts as 
F2D becames mare technologically advanced and innevative, all 
the more F&D assumes the ferm af international joint 
develapment. Hence, the transfer af advanced technaloagy will 
became vigorous unlike ever before. 


Appreaching its 45th year since the war, S. aerospace is the 
type that is led by military technology. S. technalegical 
superiority 15 maintained by virtue of its basic research that 
1s based aon tremendous amounts af defense expenditures, 
amaunts that qreatly exceed those of Japan and Europe (60% of 
all aeraspace-related budgets). Fram the perspective of 
national defense, military technoeleagqy F&D has the 
characteristic af being closed: a single ceuntry develaps it 
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and there is no techneloagy transfer to other countries. 
However, as a result of the recent loosening of East-West 
tensions, the materialization af the SALT talks, and 
discussions between NATO and the Warsaw Treaty Oraqanization, 
the reduction of beth the East’s and the West’s military 
expenditures is becoming a reality. Because the reduction of 
U.S. military expenditures during the 13990’s 1s inevitable, 
the U.S., who has maintained technelogical supericrity that is 
supported by vast sums of military research expenditures, may 
be unable te avoid a decline in its relative position. 


As a result of international cooperation and international 
joint develapment beceaming vigorous in the future, there will 
be a higher preabability that the aerospace industry will head 
towards realizing super-massive non-military projects, which 
could nat be realized by a single country as a consequence of 
the enarmeaus F&D casts. 








Chapter 5S. The Subject of International Structure 


In the previous chapters we analyzed the international structure 
surrounding F&D and examined its characteristics and prospects 
for the future. 


In this chapter we will try to summarize the information gained 
fram these analyses and studies, and will look at future themes. 


5-1 Viewpoints on International Structure 


In this study we did not clearly define the concept of 
"international structure." Father, our main objective was toa, 
fram the viewpoint of scientific and technical F&D, grasp the 
clebal relationships that are undergoing great changes, while 
Keeping in line with the realities of the current state of 
affairs. 


As for this "international structure,” though, we established the 
following viewpoints in this study: 


C1) The objectives in analyzing the international structure of 
F&D are tao survey F&D strength fram a global, caverhead view; 
and to understand the main factors in that growth and change 
in view of geographical ar national greawth processes and 
their interrelationships. 


(2 The international structure of F&D is taken ta be the 
historical relationships that dictate the manifestation of 
RZD strength, the nature of which is the creatian af 
Scientific knewledge and technology. 


Those relaticanships have many layers: fram the gecgqraphical 
or national level; toa organizations such as businesses and 
universities; ta the individual level of researchers and 
engineers. 


(3S) The international structure of F&D is alsa taken toa be the 
relationships in the distribution of F&D reseurces, as the 
manifestation of F&D strength. 


That is, the structure af the international distribution of 
P2D rescurces--F&D expenditures, research perseannel, and 
then, knowledge and information. 


Fram these points af view it naturally follows that F&D, as a 
precess that farms scientific knewledge and technaloqy, is 
closely related to sorcic-econemic structure. 


The internaticanal structure of F&D can alsa be seen in terms af 











global-scale competitive and cooperative relationships, from the 
geographical or national level dawn to the organizational and 
individual levels. In this case competition does not simply mean 
rivalry that centers on corporate profits. It also involves 
campetition for the sake of mutual stimulation and activation of 
researchers. 


5-2 Opinions on International Structure 


Through international comparisons of F&D strength, as shown in 
Chapter 1, we analyzed fram the aforementioned viewpoints 

the relative superiority and the gecgraphical or national 
characteristics of the F&D strength that are manifest in the 
present-day state of affairs. 


The following became clear from these analyses: 


- In the relationships among the advanced countries of Japan, 
the U.S., and Eureape, great changes can be seen in the 
relative superiority of &2D strength. Japan’s aqrawth is 
particularly remarkable; conversely, a drap in the relative 
pesition of the U.S. is evident. 


- Japan is virtually passing up the U.F., France and West 
Germany in F&D strength. Altheugh an an averall scale its 
strenaqth dees nat match that af the U.S., when viewed in a 
camparisen of the pepulation af citizens that receive the 
fruits of R&D as eceanemical and social lifestyle advances, 
Japan has already reached the same level as the U.S. 


- On the ather hand, in Thailand and Korea, countries that 
represent the NIES and ASEAN, progress 15 alse being made in 
providing the canditicons for elevating F&D strength. In the 
case of Korea, especially, qreat changes are evident in 
aspects such as FP&D investments and the educatian of research 
persoannel. 


- With respect ta technology trade and High-tech product trade 
between Japan and the U.S., striking differences are seen in 
their F&D strength viewed in terms of population. 


Important factors implied in these respects are: the fact that 
technalcaqy exports fram the U.S., which held a tremendous 
weight and which pioneered the world’s post-war technology, 
were essential in the reconstruction and development of Japan 
and Eurepe; and the develapment af multinational enterprises 
in the U.S. 


Building upon the knewledge gained from these kinds of analyses, 
hapter 2 analyzes the processes of growth in F&D strength as 








historically ordained attributes that characterize international 
relationsh.ps and the state of relative superiority thereof. In 


these analyses, from the international campetitive and 
cooperative relationship axes setup, the U.S. 1s categorized asa 
country in a leadership position; Japan, as a country that 
develops later; then Korea and Thailand as countries that develop 


even later. As a result, the following points were clarified: 


- As the country that leads in F&D, the U.S. fulfills a roll as 
an outrider for science that is grounded on basic research, 
owing to the powerful suppert given by the Federal Government 
for research. Also, as a result of the multinaticnal 
development of the private sector, the U.S. plays a major role 


in the creation of scientific knowledge and technalagy, and 
the dissemination and transfer af thease results throughout the 
world. 


Although government support exhibits changes as a result of 
policy measures, the government still defrays a large 
percentage of F&D expenditures. In that, the government’s 
leadership role in S&T is sustained. 


Further, these administrative measures also have the 
characteristics of being basic research and military research. 


- On the other hand, Japan, which is categorized as a late- 
developing country, absorbs the scientific knowledge and 
technoelegy of the country that is the leader ‘(the U.S. can be 
seen as this’). Japan has strived te farm an S&T base by 
pouring its energy into applications develapment. In that, the 
vigor af private businesses was the mast important reason far 
growth. 


The role af the government with respect toa active investments 
in F&D and the education af persannel was saemething that 
supplemented this private-sector vitality. 


- Then, Korea and Thailand, the later-developing countries, are 
actively striving to absorb and intreduce scientific knowledge 
and technology from the leading country and from the late- 
developing country Japan. The roles of their qavernments are 
oriented towards forming an S&T foundation, particularly an 
F2D base. In korea, the vigqer of the private sector, which 
maves at a different pace, 15 gaining power, and that base 
formation 16 reaching the first step--the prometican of 
independen* F®%D. 


In Thailand, however, with the vitality of the private sector 
still lacking in strenaqth, the formation of an S&T base by the 
anvernment s becoming an important subject, 

















- It is apparent from this campetitive-coacperative-relatianship- 
axes analysis that a global order is being formed in the 
dissemination and transfer of scientific and technalagical 
knowledge and technalaqy. 


Furthermore, in the past, when the positicn af the U.S. as the 
strangest nation surpassed all athers, these relationships 


were comparatively stable, but as late-develoaping Japan’s F&D 
strenath greaws, this relatianship becames unstable; it points 
to a Situation where campetitican becomes intensified. 


This instability manifests itself in the internatianal 
dispersion af leading F&D stroangpoaints and thease main F&D 
badies. 


- Far Japan, which has grown this far, it is thaught that the 
leading country’s gavernmental F&D suppart and then the 
multinational develapment af its business sectear, which are 
seen in the U.S., are important points ta take inta 
consideration far preamating R&D in the future. 


Chapter 3 is an analysis that includes a questionnaire survey af 
how Japan’s F&D strength, having grown this far, manifests itself 


as corporate-based activities in international relaticanships. The 
reason why attentican is focused on corporations is that the 
current state of corporate activities, which are regarded as the 


mast important factor in Japan’s grawth, may suqgest Japan’s 
directions in the future. 


The following became clear fram this analysis: 


- The establishment of Japanese corporate research laboratcries 
abroad 165 progressing, and much of that is in the U.S. In the 
industries that are regarded as F&D-intensive--chemicals, 


electric machinery, machinery--the abjective af the F&D 
carried mut at these labs 1s net ta intraduce overseas 
technalaqy, but rather the exploration far the seeds of 
leading-edge technalaqy for the next generation of technology, 


and as a way to cape with leacal market needs. Furthermore, the 
utilization af lecal persannel is becaming an impertant 
factear. 


This step can be regarded as seamething that serves to mutually 
camplement the internaticnal joint prejgect initiatives that 
are being promated by the gavernment. 


Chapter 4 analyzes haw the kinds af structural changes abcve 
manifest themselves in individual F&D damains. It takes computer 
science, the life sciences, supercanducting materials, and 
aermspace inte account. 
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In camputer science, the leadership of the U.S. is clearly 
indicated in the trends seen in research papers. 


In the aspect af applicaticns, however, the progress being 
made by Japan and Europe, tac, is intensifying. Although the 
U.S. plays a great role in creating and disseminating 
scientific knowledge and then technolagy, the growth af Japan 
and Europe necessitates a new framework for internaticnal 
mooperatian, which changes are gradually bringing abcut. 


In the life sciences, the rapid growth of bictechnalagy, which 
got its start with recambinant genetic technology during the 
mid-1970’s, is clearly revealed in the aspects of research 
papers and patents. Here, toc, the U.S. plays the leading 
role. 


Nevertheless, the timelaq with Japanese and European F&D 
pregress is shert. It is evident that the current state af 
affairs is one in which both basic research and applicaticns 
are maving forward synchrancausly in the developed countries. 


Alsa, canperatican between universities and the private sector 
plays an important role in bistechnalagy; mareaver, thraugh 
the activities of U.S. bisventures, it is accelerating the 
activation of FP&D througheut the world. 


In the field of supercanducting materials, Japan and the U.S. 
lead the world in F&D, and there is na timelag between the two 
countries. It is abvicus that F&D is preagressing 

synzhrancusly. 


Furthermore, in this synchroancus progress, researchers’ 
independent, international callaborative efforts at the basic 
scientific research level are being spawned one after ancther. 
It is a Situation that attracts attenticn. 


On the ather hand, a difference in the way Japanese and U.S. 
businesses deal with supercanducteaer F&D is seen in the aspects 
af research papers and patents. The slawdawn in U.S. corporate 
activities stands cut against the cancentrated measures taken 
by Japanese businesses. 


In aerospace, thaugh the overwhelming strength of the U.S. 
still leads the world, it is caming to a situation where 
internatianal joint F&D is essential, as in the joint Eurcapean 
prajects and the joaint Japanese-U.S. and Japanese-U.S.- 
European projects. 


The opinions expressed above point ta the advent of great changes 
in the post-war internaticanal relaticanships that are expressed in 


207 











the farm af international F&D structure. Although there is little 
difference in the leadership of the U.S., which has a tremendous 
accumulation of scientific knowledge and technology and still 
evinces great F&D strength, the growth af Japan brings abaut 
synchrenous F&D develapment in the world, as seen in 
supercanductor F&D, and it gives rise ta the dispersion of 
international R&D centers. This synchrancus F&D development 
suggests the formation af a new framework for researchers’ and 
businesses’ independent internaticnal cacnperatioan. 


Alsa, the farmatian of a framework for new internaticanal 
canperatian, which started with the joint research projects af 
Japan, the U.S., and Europe, is becaming essential in damains 
such as computer science and aerospace, where the foundatian of 
knowledge and technaloagqy fram the past has a great siqnificance. 


We can alsa think of these points as asking again about the roles 


af the developed cauntries with respect ta the entire world, 
which includes the develaping cauntries af Asia and ather 
regians, Eastern Eurape, and the Communist Black countries. 


5-3 Subjects for the Future 


An analysis of the international structure should nat be limited 


ta anly the relationships amang the developed cauntries. In this 
study, tac, we take inte caonsideratian Farea, an Asian NIES 
country; and Thailand and Indonesia, «af the ASEAN ccuntries. 
Hawever, the basic data that we could use for these countries was 
limited. 


For basic data on the entire werld, cur materials were limited ta 
UNESCO data, which is toc meager for locking at the warld as a 
whole. 


What is wanted abcveall is that the gathering and accumulation of 
basic data, such as Statistics, be made mare replete on a global 
scale. This is alsa something that would be indispensable in 
Japan’s future internaticnal positicn and role. 


Alsa, fram the research dane far this study, the following points 
came up as subjects that should be investigated an anather 
mTTAaSLON: 


(1) We would like ta have a system af indicators established 
that can campare F&D strength (1i.e., the power toa praduce 
scientific knewledge and technolagy) in the relaticanships 
amang the cauntries af the warld that differ historically 
and populaticn-wise. Indicators relating to basic and 
scientific research, in particular, would be needed. 
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C4) 


What kind of changes toa histarically-erdained structures can 
Eurape’s circumstances within international relaticanships 
bring about is a subject that must be investigated. 


In particular, the unification of Eurape and the changes in 
the U.S.S.F. and Eastern Europe are impertant as structural 
themes that surround S&T and R&D. 


As for the relaticnship between Japan and the U.S., which we 
must say is the central issue for Japan, how should a new 
framework for competition and cacperaticon be farmed, and 
what kind of framework should that beY What should alse be 
investigated is haw we should regard Japan’s pesiticon in 
Asia and the rele that it sheuld play there. 


Then, although we did not caver these themes in this study, 
haw Japan’s researchers, engineers, and the main F&D bodies 
af its businesses and laboratories are striving, within 
international relationships, ta deal with the creatian of 
new knawledqe, and what those subjects are, shculd be 
investigated in line with the actual state af affairs. 








III. Collected Data 
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Data: Nikkei Science "U.S. Technology Strategy" 


High-Tech Product Group 


Guided missiles and 
space rackets 


Cammunicatians equipment 


and electronic parts 


Aircraft and spare parts 


Office equipment, 
computers 


Weapmns and spare parts 


Medicines 


Inarganic chemical 
substances 


Specialized equipment 


Engines, turbines, and 
spare parts 


Flastic materials, 
synthetic resins, 
rubber, fibers 


High-Tech Product Classifications 
by the U.S. 


Department of Commerce (DOCS) 
Tangible Products 


Rioacket engines and spare 
parts 


Telephane and telegraph equipment, 
radia and television receptican and 
transmission equipment, 
communications equipment, sanar, 
semicanductears, tape recorders 


Commercial aircraft, helicopters, 
aircraft engines, spare parts 


Computers, input-cutput devices, 
memary devices, desktop calculators, 
capiers, spare parts 


Nen-military-use weapcns, 
spart quns, explosives 


shatquns, 


Vitamins, antibictics, hormones, 


viruses 

Nitreqen, saedium hydrexide, inert 
gases, inorganic dyes, radioactive 
substances and campaunds therecf, 


specified nuclear power materials 


Industrial preacess cantreal 
equipment, =aptical devices, lenses, 
Navigational equipment, medical 


treatment equipment, 
equipment 


phateaeqraphic 


SGeneratars, diesel engines, 
autamative gascline engines, 
turbines, hydraulic turbines 


nan- 
gas 


All kinds of cancentrated chemical 
substances, multi-cancentrated 
substances, polymers, multi-additive 
substances, capalymers, synthetic 
resins, noan-celluloase/celluloase 
fibers 








Attached List 2. Bilateral S&T Cooperation 
1. Japanese-U.S. Cooperation in Scientific and Technical R&D 


- Research on crustal plate movement Ministry of Feasts and 
Telecammunicatians-NASA 


- OPEN Project Ministry of Educaticn—-NASA 
- Jaint research on Halley’s Coamet Ministry of Educaticon-NASA 
- Saturn exploration project Ministry af Educaticn-NASA 
- Life sciences in the Spacelab Science and Technalagy 


Agen: y-NASA 


- Joint tesar project Ministry of Educaticon-NASA 
- X-ray astronamy Ministry af Educatican-NASA 
- Marine dynamics Science and Technelagy 


Agency; Metesoralogical 
Agency; Maritime Safety 
Agency; University of 
Takyoas Tokai Wamen’s 


C2a11leqe-NASA 
- Cloud height measurements using Science and Technelagy 
satellite stereoscapic Agency; Meteoroalagical 
photography Agency- NASA 
- Characteristics of snawdrifts Science and Technolagy 


Agency-NASA 


- Possibility of evaporation Science and Technology 
calculaticans Agen::y-NASA 
- Exchange of experimental data Science and Technolagy 
fram cammunications satellites Agenzy; Ministry af Fasts 
and Telecammunicatians-— 
NASA 


- Trans-Pacific balloon observation Ministry af Educatian-NASA 


project 
- Joint research aon the sun Ministry af Educatican-NASA 
- Research on winds and waves Science and Technalagy 
generated by typhoans Agency; Meteorological 


Agen: y-NASA 
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Marine biological 


MOS-1 data recepti 


Geodetic 


Tropical rainfall 
satellite praject 


Marine (ground) 
research 


Earth observations using a polar- 


arbiting platform 


Balloon-mounted in 
telescope 


Infrared astroanamy 


RFesearch on cuter- 


(Very Long Baseline Interferometry) 


Space Shuttle utilization project 


Landsat data recep 


Space station proj 


ROSA-IV project 


Doublet-III prajec 


Research on high-temperature gas 


reactors 


resources 


mM 


mbservatican 


frared 


space VLBI 


tian 


ect 


t 


and gecadynamics research 
by means of satellite laser ranging 


remate sensing 


Science and Technolaqy 
Agency; Ministry of 
Agriculture, Forestry, and 
Fisheries; Tokai Wamen’s 
Col leqe-NASA 


Science and Technology 
Agenzy-NASA 


Maritime Safety Agency- 
NASA 


Ministry af Fosts 
and Telecammunicatians-—- 


NASA 


Science and Technelogy 
Agency; MITI-NASA 


Science and Technology 
Agency-NASA 


Ministry af Educaticon-NASA 


Ministry of Educatican-NASA 


Ministry af Education; 
Ministry of Pasts and 
Telecammunicat ians-NASA 


Science and 
Agency-NASA 


Technology 


Science and 
Agen:y-NASA 


Technology 


Science and 
Agen:cy-NASA 


Technalagy 


Science and 
Agency-NFC 


Technolagy 


Science and 
Agen y-NFC 


Techneal agy 


Se ience and 
Agen«y-DOE 


Technaleagy 








Neutron scattering 


Nuclear physics 


Effects of carbon dicaxide on 
climate 


Diesel exhaust gases 


Liquified gas fuel safety and 
environmental requlatary 
assessment project 


Effect of electromagnetic fields 
on living organisms 
(electric fields) 


Effect af electromagnetic fields 


on living orqanisms 
(magnetic fields) 


Conservation of resources 


Toaxicoloagical research 


Fesearch an alcoholism 


Lamparative-cultural research oan 
factors in the development of 
geriatric mental diserders 


Framation of preventative 
vaccination and the develapment 
af vaccines 


Experimental animal science 
(primates) 


Experimental animal science 
(nan-pr imates) 
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Sceience and Technology 
Agency, Ministry of 
Education-DOE 


Science and Technelogy 
Agen«y-DOE 


Ministry of Education, 
Meteoralagical 
Agenc y-DOE 


Envireanmental Aqency-DOE 


MITI, Ministry of 
Transport —-DOE 


MITI, Hokkaide University 


-DOE 


Science and Technology 
Agen: y-DOE 


MITI, Science and 
Techneleqy Agency-DOL 


Ministry of Health and 
Wel fare-HHS 


Ministry af Health and 
Wel fare-HHS 


Ministry af Health and 
Wel fare-HHS 


Ministry af Health and 
Wel far e-HHS 


Ministry af Health and 
Wel fare-HHS 


Ministry af Health and 
Wel fare-HHS 








Fecambinant DNA research 


Development af anti-viral 


substances 


Basic and epidemiclogical research 
an high blead pressure/heart 
disease and eating habits 


Processing/poison remeaval and 
disposal of noaxicus substances 


Technelogy for restricting nitrous 
oxides 


Epidemicleqical research oan 
envireanmental diseases 


Fesearch on marine pollution due 
ta the dumping «af wastes 


Experiments on ecological 
moncentratians af fish 


RPesearch on the prediction and 
montreal of avalanches and 
landslides 


Illnesses of trees in forests 


Research on facd hygiene 
requlaticans (salmeanella) 


Coamprehensive management of 
harmful insects 


an the 
af natural 


lomprehensive research 
effective utilizatican 

energy in agriculture, 
farestry, and fisheries 
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Science and Technolagy 
Agency, Ministry of 
Educat ioan-HHS 

Science and Technolagy 
Agency, Ministry of 
Educat ion-HHS 

Ministry of Health and 
Wel far e-HHS 

MITI-EFA 

MITI-EPA 

MITI-EPA 


Science and Technol«gy 
Agen:zy-EFA 


Environmental Aqency-EFA 


Science and Techneloaagy 
Agency, Ministry of 

Construction, Hokkaidea 
Develapment Aqency-USDA 


Ministry of Agriculture, 
and Fisheries- 


Forestry, 
USDA 


Ministry of Agriculture, 
and Fisheries- 


Firestry, 
USDA 


Ministry of Agriculture, 
and Fisheries- 


Forestry, 
USDA 


Ministry of Agriculture, 
and Fisheries- 


Forestry, 
USDA 


Ministry of Agriculture, 











Use of radiation toa contreal damage 
to foodstuffs during 
transportation and storage 


Agricultural-proaducticn-oriented 
bistechneleogical develapment and 
applications 

Research on the cellular genetics 


af crop species 


Prevention of crop deterioratian 
and contamination after harvesting 


Biomass conversion 


Forestry, and Fisheries, 
Science and Technology 
Agency-USDA 


Ministry of Agriculture, 
Forestry, and Fisheries- 
USDA 


Ministry of Agriculture, 
Forestry, and Fisheries- 
USDA 


Ministry of Agriculture, 
Fisyrestry, and Fisheries- 
USDA 


Science and Technology 
Agency; Ministry of 
Agriculture, Forestry, and 
Fisheries; MITI-USDA 


Japanese-French Cooperation in Scientific and Technical R&D 


Research on the safety of lLight-water reactors 


Water management in rivers, lakes, 


and marshes 


Atmaspheric pollution counter-measures 
Cooperation in the field of canstructicn 


Large scientific apparatuses 
Space communications 

&T infoarmatian 

New materials 

Electronics 


Eneray ‘(new energies, energy conservatian) 


Bietechnol ogy 


Space fields ‘except for space communicatians) 


Agricultural research 


Quality of urban envirenments Camenities) 


Aeronautical engineering 


Japanese-German Cooperation in Scientific and Technical R&D 


Fast breeder reactors 

Labar safety and health 

Space 

Traffic technology 
Telecammunicatiaons technalagy 
Data processing 

Mineral rescurces research 
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- Materials science technolaay 

- Anti-eneray physics 

- Research on high-density nuclear substances by means of heavy 
icon beams 

- Machine technology 


4. Japanese-Canadian Cooperation in Scientific and Technical R&D 


- Space physics 

- Earth observations 

- Communications and broadcasting satellites 

- Ionospheric observation satellite 

- Videcteyr 

- High-definition television broadcasting 

- Plant breeding 

- Recombinant DNA microorganisms 

- Improving wheat varieties by means of doubling haplonts and 
cell cultures 

- Impreving and preapagating alfalfa using tissue culture 
techniques 

- Designing and carrying out paving in arctic regions 

- Superconducting magnetic-levitation railways 

- Harbor and coast engineering 

- Iselated hydesphere experiments 

- Particle-bunching experiments using automatic sediment traps 

- Research on atmospheric-marine carbon dicxvide exchange in the 
North Pacific 

- RFesearch in cannection with enviranmental investiqations 
attendant upon the development af sea-flocr mineral resources 

- Commercial development and utilization of non-crystalline 


metals 

- Faod product safety 

- Comprehensive insect-pest control 

- Research on buckwheat ecosystems cultivated in different 
climates 

- Fodder digestion by cellulose-disselving cells 

- Chemical identification of naturally-occurring substances and 


residual agricultural chemicals 

- Optimization of the envirenment around plant roots in order ta 
imprave yields af major craps 

- Impreaved gqreenhsuses for vegetable preductian 

- Measuring aromatic caompesitian 

- Breeding fruit trees and interchanging reproductive 
characteristics 

- Scleretium Ca plant diseasel in saybean and cil-material craps 

- Post-harvesting processing and storage of Cruciferae Crape 
seed plant] craps 

- Enriched nutrient value of water quality 











Advanced sewage processing 

Satellite meteoraloagy 

Climatic fluctuations 

Atmespheric pollutican 

Advanced processing of industrial wastewater 

Snow damage prevention 

Metheds for assessing the toxicity of gases when fires occur 
in buildings 

Fesearch an wind- and earthquake-proof structures 

Behavior of cancrete at low temperatures 

Coal liquificatican 

Thermonuclear fuel technolagy 

Renewable energies 

Alcohel for use as an automebile fuel 

Improving heavy oils 

Computer-based image processing applications 

Advanced systems for manufacturing and resources productian 
Integrated maqnetic sensors 

Geodynamics and crustal plate movements 

Research studies on VLBI experiments 

Research on permafrost layers 

Meson science 

Laser applications 

Fluid bedy experiments in a micreo-gravity enviranment 
Electronic sea charts 

Crystal chemistry in fine ceramics 

Assessing year-to-year damage and predicting the extra-long 
life of structural materials 

Applications of multiparameter radar in river and road 
management 

Manufacturing liquified fuels fram biomass 

Bienics: the integration of sensory systems’ information in 
eaqgnitive systems 


Japanese-Australian Cooperation in Scientific and Technical 
R&D 


Crop physiclagy 

Chemical analysis of groawth-requlating substances, including 
thease of plants 

Bistechnal agy 

Fecambinant DNA 

Neutron supplement treatment af maliqnant melanomas 
Flant breeding 

Develapment and utilization of plant qenetic resources 
Domestic animal breeding 

Interrelaticonships of qenomes in the cell nuclei, leaf 
margins, and mitechandria of Higher plan. cells 
Nuclear physics 








Mid-level and very-high-level aeronomy 

Research on celestial bodies using balloons 

Research on the properties of substances under very high 
pressures 

Plasma physics and nuclear fusion research 
Satellite-based precision frequency and time comparisons 
Geodesic research by means of satellite laser ranging 
Exospheric and magnetospheric research using satellites 
Low-level atmospheric physics 

Objective analyses and numerical meteorological predictions of 
atmospheric mation 

Meteorological satellite data 

Effects of carbon dioxide an the atmosphere 
High-temperature instrumentation and cantrol technology 
Research on x-ray analysis methods 

Fine structures in new ceramics 

Experimental petrology 

Antarctic research 

Very-high-precision optical instrumentation technology 
Development of new ceramic and carbon materials 
Development af techniques for improving the durability of 
concrete structures 

Optical fibers and pattern information processing 
Fluidized-bed combustion technology 

Technology for preventing marine pollution 

Research on the tectonics of island arc/trench systems in 
ecean areas that are on Indian Ocean and Facific Ocean plate 
boundaries 

Research on eddy currents 

Marine biclagy 

Technology for developing ocean-flocr mineral resources 
Research on technoloay for stable seacoast formatian 
Equipment and techniques for measuring crustal plate heat flow 


Can Tol 


Japanese-Korean Cooperation in Scientific and Technical R&D 


Development of steel manufacturing processes 

Development of new biclegical activation substances and 
biglogical activation experiments 

Develapment af polymer materials for use in medical treatment 
Development of processes that utilize genetic engineering for 
mass preducing physiclegical activation substances 

Research involving remote sensing and the precessing af that 
data 

Satellite-based time comparison research 

Development of welding technology 

Develapment of superlattice elemenis 

Development af chemical sensors 








Utilization af technology related ta new DNA singularities and 
genes 

The search for plant physicleogical activation substances 
and the development af uses for thase substances 

Research on the climate of northeast Asia 

Low-level radicactive waste processing and disp«sal 
Educating and training nuclear-power-related persannel 
Light water reactor accident analysis 

Nuclear fuel poast-irradiatian experimental techniques 
Emergency measures for protection against radicactivity in 
areas near nuclear pawer plants 

Joint develapment of a catalytic combustion gas turbine 
Research on applications af thermoelectric materials 
Develapment of machining-informatian-sensing technalagy 
Research on the structure of ocean currents in the Tsushima 
Straits 

Research on the develapment af microorganisms that cause 
diseases in harmful mountain and forest insects 

Research related ta high-energy physics experiments using the 
Tristan accelerator 

Research on farming and sintering diamands 

Basic research on ineraganic materials 

Hydrogen proaductian by means of biolegical pracesses 


Establishing technology toa control perennial weeds in paddies 
Synthesis of arganoflouric compounds 

Effective utilization of velcanic ejecta 

Research in cannectiaon with identifying the scurces af cacean 


pallution due toa ail and ather kinds of spills and clean-up 
methods 

Nuclear fuel past-irradiation experimental techniques 
Educating and training nuclear-power-related persannel 
Assessment af radicactive waste processing methods 
Manufacturing radicactive isatapes 

Develapment af systems for gathering and processing 
informatian an nuclear power plant accidents and failures 
Develapment af technoleagy for assessing nuclear power plant 
safety 

Development af technalogy far analyzing the earthquake 
resistance of nuclear power plants 

Develapment af technalagy far inspecting nuclear pewer plants 
Research aon the precessing and utilization af rice and rice 
starches 

Establishing computerized systems for real-time exposure 
assessment in nuclear power plants when accidents accur 


Japanese-Chinese Cooperation in Scientific and Technical R&D 


Research an the camprehensive development and utilization of 
tropical and sub-trapical micracarganisms and plants 











Industrial tests based an the canstruction af a pilot plant 
for niobium extraction and cantinucus steel manufacturing fram 
pig iran 

Joint VLBI research 

Research an the develapment af flocks af SPF (Specific 
Pathogen Free) chickens 

Research aon develaping and changing wild animals into 
experimental animals 

Fesearch on preventing atmaspheric pollution and other 

kinds of environmental pallutican 

Effects af the KFureashica an its environment and biclagical 
resources 

Mechanisms of crap damage by cald weather and the develcpment 
af technology for pratecting against that 


Research an casmic rays by means af large neutron counters 
Measures for caunteracting the subsidence af harbears by 
Siltaticn 

Research an the general use af complex ares cantaining rare 
metals 


MLS (Microwave Landing System) F&D 

Research oan technology fear preventing marine pollution due ta 
mil spills and oil identification technelagy 

Biomechanical research in cannectiaon with vital measurements 
technoalagy 

SGecdetic research using EGF Cexpansion unavailable] 

Research an the preventian and mitigation of earth and sand 
disasters 

Oxysaccharificatiaon of cellulase 

Research on artificial crystals by means of pelyvinyl alcohel 


hydragel 
Hiqgh-per formance equipment in therma-engineering 
"Jiwan" chemical catalyzer technalagy 


Japanese-Indonesian Cooperation in Scientific and Technical 
R&D 


Research an the tectonics af island are/trench systems in 
mzte@an areas that are on Indian Ocean and Facific Ocean plate 
beundaries 

Research on the ceamprehensive development and utilization of 
tropical and sub-tropical micracarqanisms and plants 

Research on physicloagical activation substances included in 
tropical plants 

Research aon new insect-pest cantral techniques 

Fesearch an microaarganism enzymes that have uses in industry 
Searching for and utilizing microcarganisms in 

activated agricultural chemicals 

Searching far fermentation micrearganisms and utilizing thease 
in the facd praduct industry 
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Searching for and utilizing medicinal activation plants 
Searching for and utilizing agricultural chemical activatian 
plants 

Research on mere advanced remate sensing technealagqy and its 
applicaticans 


Japanese-Indian Cooperation in Scientific and Technical R&D 


Fesearch an apen-air corrasion af metals and allays 
Ionaspheric observations by means af ETS-II (Engineering Test 
Satellite) radia waves 

Research related toa the preservation, develapment, and 
Utilization of plant genetic resources 

FPesearch related ta the use of cell cultures in crop breeding 
Extracting metecralagical infearmation from satellite images 
Develapment af methads for predicting the cancentratians af 
atmaspheric and water poallutian that accompanies 

industrial activity 

Fesearch an methads for real-time predictian of flacd wash- 
aways 


Japanese-Brazilian Cooperation in Scientific and Technical 
R&D 


Research an welding technoalagy 
Fesearch an pegmatite 
Rescurces database systems 


Camprehensive cantral af saybean insect pests 
Technoalaqy for enzymatic conversion af cellulosic bicmass 
Elucidating the structure and expression cantral mechanisms af 


pratein genes in plants and micraarqanisms 

Development af methods far exchanging and assessing genetic 
resaurces 

S&T for preventing metecralaqical disasters such as floacd and 
draught damage 

Fermentatian engineering and micracarqanism engineering 
Fermentation engineering, enzymatic reactars, and genetic 
engineering 

Gecathermal eneraqy research 


ae) 
Ae) 
Ae) 











Attached Table 3. Multinational Scientific and Technical 
Cooper ation 


Scientific and Technical Cooperation Arising From Summit Meetings 
of the Major Developed Countries 


- Scolar power qeneratian 

- Controlled thermenuclear fusian 

- Phoatasynthesis 

- Fast breeder reactors 

- Food technology 

- Aquaculture 

- Femoate sensing fram space 

- High-speed railways 

- Developing countries’ residential and urban planning 

- High-tech raboats 

- Effects of new technaolaqies oan mature industries (Japan is 
nat participating) 

- Biatechnolagy 

- New materials and standards 

- New technologies applied in educatian and prafessicnal 
training and in culture (Japan is not participating) 

- Social receptiveness ta new technelogies 

- Biclogical sciences 

- Light-energy physics 

- Solar system exploratian 


7) 
J‘ 
223 








Attached Table 4. Numbers of Research Papers in Computer Science 
(Results of INSPEC searches) 









































Japan U.S, 
Year Business Universities Other Total Business Universities Other Total 
1977 45] 738 335 1,524 2,724 4,478. 2,762: 9,964 | 
1978 371 | ,087 461 2,119 3,329 5,701: 2,718 11,748 | 
1979 459 930 4|2° 1,801 3,429 5,727 2,720 11,876 
1980 583 1,056 - 457 2,096 3,587 5,465 2,728 11,780 
1981 S11 1,009 428 © | ,948 4,235 6,242 3,464 13,941 
1982 706 1,132 525 2,363 4,121 5,226 2,969 12,316 
{983 810 1,216 550 2,576 5,067 6,596 . 3,769: 15,432 
1984 973 1,314 642 2,929 5, 343 7,585 - 4,125: 17,053 
1985 | ,038 1,753 951 3,742 4,287 © 8,853 | 4,196 17,336 
1986 1,247 1,998 1,265 4,510 4,709: 10,564 - 4,765 20,038 
1987 ] ,343 2,112 1,109 4,564 4,943 13,066 - 5,452 23, 481 | 
1988 1,316 1,962 1,136 4,414 4,658 13,470 5,570 23,698 
1989 RAG 1.408 779 3,053 2,763 9.988 3.997 | 16.748 | 
U.K. West Ger@any 
Year Business Universities Other Total Business Universities Other Total __ 
1977 289 1,055 561 1,905 404 703 675 1,782 | 
1978 375 1,332 653 2,360 449 . 828 772 2,049 
1979 392 1,381 © 658 2.431 464 © 897 809 2,170 
1980 331 1,311 660 2,302 478 896 © 876 2,250 
1$8i 388 1,501 730 - 2,619 oO 956 | 841 2,20 
1982 339 | ,293 603 2.235 423 737 749 1,909 
1983 380 1,406 820 2,806 697 855 970 2,922 
1984 599 1,605 1,017 3,221 666 | ,039 989 2,694 
1985 721 1,788 1,234 3,743 602 © 1,024 869 2,495 
1986 726 2,156 1,421 4,303 734 1,394 1,122 3,250 
1987 761 2,304 1,418 4,483 687 |, 487 1,075 3,249 
1988 653 2,881 1,443 4,977 781 | 1,690 1,072 3,543 
1989 412 2.218 1.085 3.715 532 1,091 673 2.296 
France 
Year Business Universities Other Total 
| 1977 25 230 400 655 
1978 17 303 © 493 813 | 
1979 20 318 466 804 
1980 15 349 555 919 
1981 30 413 © 598 1,041 
1982 10 319 © 507 836 
1983 16 246 537 799 
1984 21 333 607 961 
1985 20 415 860 1,295 
1986 35 575 1,195 1,805 
1987 20 584 1,179 1,783 
1988 43 595 1,224 | ,862 
1989 16 438 903 1,357 

































































Attached Table 5. Numbers of Research Papers in the Life Sciences 
(Results of BIOSIS searches) 
Japan U.S. 

Year Business Universities Other Total Business Universities Other- Total 
1975 0 23 13 36 0 4) 13 54 
1976 40 511 172 723 26 933 480 1,439 
1977 349 4,602 ] ,033 5,984 632 18,617 : 9,461 28,710 | 
1978 60! 7,868 1,760 10,229 1,447 40,070 20,141 61,658 
1979 785 11,536 2,685 15,006 1,917 62,078 30,035 94 ,030 
1980 827 12,431 2,872 16,130 1,647 55,212 27,717 84,576" 
1981 772 12,919 3,329 17,020 541 16,804 8,456 25,801 
1982 806 12,058 2,787 15,651 482 14, 183 7,464 22,129 
1983 790 11,050 2,539 14,379 494 12,204 6,368 19,066 
1984 985 15,998 3,930 20,913 888 19,000 9,615 29,503 
1985 | ,343 19,839 4,927 26,109 1,395 22,092 11,978 35,465 
1986 1,711 20,160 5,433 27,304 2,863 27,978 16,265 47,106 
1987 2,165 22,402 5,746 30,313 4,019 25 , 286 15,852 45,157 
1988 2,230 23,915 6,339 32,484 3,781 26,654. 16,089 46,524 
1989 2.259 20.940 § 555 28.754 3.944 30 . 981 19,100 54.025 

U.K. West Gersany 

Year Business Universities Other Total Business Universities Other Total 
1975 0 4 12 16 0 7 18 25 
1976 8 181 215 404 9g 233 312 554 
1977 14] 3,135 3,238 6,514 95 5, 286 2,073 7,454 
1978 270 5.957 5,833 12,060 150 4,756 3,625 8,531 
1979 407 8,770 8,853 18,030 290 7,412 §,275 12,97’ 
1980 319 6,757 6,689 13,765 258 6,241 4,593 11,092 
198) 194 5,287 4,775 10,256 228 4,319 3,628 8,175 
1982 107 5,620 4,889 10,616 23] 4,281 3,553 8,065 
1983 94 4,748 4,254 9,096 167 3,308 2,780 6,255 
1984 162 5,836 5,563 11,561 332 5,172 4,531 10,035 
1985 232 7,112 6,492 13,836 446 6,408 5,599 12,453 
1986 312 8,096 7,755 16,163 734 7,624 6,231 14,589 
1987 406 9,371 8,909 18,686 869 8,556 6,492 15,917 
1988 418 9,463 9,254 19,135 794 7,713 6,286 14,793 
1989 418 8.370 9,090 18.378 773 8.073 6.782 15.628 

France 

Year Business Universities Other Tot 

1975 0 34 100 134 
176 10 280 B10 1,100 
1977 86 2,204 § ,620 7,910 
1978 130 3,032 8,734 11,906 
1979 258 4,924 13,270 18,452 
1980 146 3,934 11,672 15,752 
198] 32 3,456 11,422 14,910 
1982 28 3,626 11,676 15,330 
1983 16 2,320 10,162 13,498 
1984 46 4,808 15,620 20,474 
1985 62 4,790 18,360 23,212 
1986 130 5,684 20, 706 26,520 
1987 222 5 , 886 22.962 23,070 
1988 196 6,064 23,652 29,912 
1989 190 5.392 22.674 28. 256 














Notes 


*1 International research-paper comparisons in which databases 
were utilized 


1. Search averview 


In general, when we use bibliographical databases toa conduct 
international comparisons of research papers, there usually are 
not any codes within the database records for identifying the 
nationality of the author or the organization with which the 
author is affiliated. The databases used in this investigation, 
BIOSIS PREVIEWS and INSPEC, are na exception. Sa, far cauntry and 
sector classifications, we used the address and title, 
respectively, of the arganization that the author of the research 
paper is affiliated. 


In concrete terms, when "USA" ar "US" was included in the address 
of the author’s affiliated organization, we classified it as 
America; when "JAFAN" was in the address, we classified it as 
Japan. We alse did the same kind af thing with sector 
classifications; the table below shows the relationships between 
search wards and classifications. 


Table Relationships Between Search Words and Classifications 








BIOSIS PREVIEWS INSPEC 

Japan JAPAN, JPN, JAP, JP JAPAN 

U.S. USA. US USA, US 

U.K. ENGLAND, UK, GB, GBF, SCOTLAND, WALES EYGLAND, UK. GB, SCOTLAND, WALES 

West Geraany GeRWANY. GER, GFR, FRG GERMANY, GER, FRG 

France FRANCE. FR, PRA FRANCE, FR 

Businesses CO.LTO. COMP. INC, COMPANY, INCORP, CO. LTO. COMP, INC, COMPANY. INCORP, 
INCORPORATED, INCORPORATION, INCORPORATED, CORP, CORPORATE, 
CORPORATE, CORPORATION, ENTERPRISE (S), SA, CIE, SOCIETE, 
ENTERPRISE(S). SA, CIB, SOCIeTE, COWPAGNI. AG, GBH 
COMPAGNI. AG. GWBH 

Universities UNIV. COLL. FACULTY, SCHOOL (S), UNIV, COLL, FACULTY, SCHOOL (S). 
ECOLE, UNIVERSITY(I@S), UNI, SCH, ECOLE. UNIVERSITY(IES). UNI. SCH, 
COLLEGE(S), UNIVERSITAT, SCHULE, COLLEGE(S). UNIVERSITAT, SCHULE, 
UNIVERSITE. MBH UNIVERSITE, MBH 

Other Other than business or university Other than business or university 


As you can see fram this table, in the databases used in this 

investigation there are many different ways of representing the 
names and addresses af the authors’ affiliated organizations. In 
particular, there were quite a few cases where we could not tell 
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from its name whether an erganization was a business or a 


university. Consequently, you must be mindful of the fact that 
the "ather" classificatian used in this study dees nat 
necessarily mean a public research arganization. Alsa, these 
databases include conference proceedings, documents, and other 


materials that are not exactly research papers; although there is 
only a small number af these kinds af documents, this kind of 
problem must be taken into consideratican. 


As items of general cansideration in doing statistical searches 
with the databases, the follcawing points can be brought up: 


1) The selection of research papers included in a database is 
greatly influenced by the compilation pelicies of the 
arqganizatian that created the database. 

=) Of the papers published in Japanese scientific journals, 
narmally aenly these with English summaries are included in 
the kinds af databases created by foreign oarganizaticons that 
were used in this study. 


3S) In international scientific journals, sometimes English- 
text papers written by Japanese people are rejected mare 
because of linguistic preablems than the quality af the 
content. 


=. Database overview 
(1) BIOSIS FREVIEWS 


RIOSIS PREVIEWS, which we used for the purpose of getting a grasp 
an the numbers of research papers in the life sciences, cantains 
articles from BIOSIS’s major publications: "Bicloagical 
Abstracts," "Bicloegical Abstracts/FFM," and "Bica-Fesearch Index." 
These publications are English-lanquage informatian that 
comprehensively cavers the world’s research in the fields of 
biclegy and medicine. "Biclegical Abstracts" includes informatian 
an 260,000 research effarts, which is taken from about 39,000 
major journals and moaneagraphs, every year. "Bicleagical 
Abstracts/FFM" includes about 260,000 articles, e.q., reparts, 
research information, etc., every year. Thus, the research 
papers, reports, and research information of aver 9,000 kinds of 
publications from aver 100 countries are the information scurces 
for BIOSIS PREVIEWS. Over 6,048,C%O items have been accumulated 
from 1969 toa the present, August 193988. 


The range of topics cavers all fields in the life sciences, with 
the fallawing fields at the center: 
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- Space biclagy - Cell biclogy - Pathology 


- Agriculture - Clinical medicine - Pharmacology 

- Anatomy - Environmental - Physisoloagy 

- Cytology biclogy - Public health 

- Behavioral - Experimental ° Radiobiology 
science medicine - Cell biology 

- Biochemistry - Genetics ° Toxicology 

- Biological - Immuncloagy - Veterinary science 
engineering - Microbiology - Virolagy 

- Biophysics - Nutritional sciences Zoology 

- Biotechnolagy - Occupational health 

- Botany - Parasitology 

(2) INSPEC 


We used INSFEC in searching for information about numbers of 


research papers in the fields of computer science and 
superconductors. The information included in INSPEC corresponds 
to the contents of "Physics Abstracts," Electrical and 
Electronics Abstracts," "Computer and Control Abstracts," and "IT 


Feacus: Update on Information Techneloagy." It forms the largest 
English-language database in the fields of physics, electrical 
engineering, electronic engineering, camputers, cantral 
engineering, and information technology. Periodicals account for 
78% of INSPEC’s information sources; as of June 1987, aver 3,900 
pericdicals have been examined as subjects. Of thease, 730 
periodicals cantain abstracts for all of their articles. Frem 
1977 toa June 1987, there were 1,300,000 data items accumulated. 


The range of subjects is bread, and the subjects are divided int« 
four categories: physics, electrical and electronic engineering, 
camputers and cantrol, and information technology. The fields 
within each of those categories are as follows: 
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Physics (Subfile A) 

- Acoustics 

- Instrumentation and 
measurement 

- Elementary particle physics 

- Atomic and malecular physics 

- Mathematics and mathematical 
physics 

- General items 

- Geophysics 

- Physical chemistry 


Electrical and Electronic 


- Circuits and structural 
campanents 

- Electromagnetic 
waves 


fields and 


Computers and cantroal 


- Computer hardware 
- Contreal technaloagy 


Information Technealagy 


- Applications in business and 
industry 

- Communicaticans, 
and systems 


In this study, 
searching far 
used all 
field of Superconductors. 


calculations, 


we used Subfile © 
information about the field of 


Engineering 


(Subfile ©) 


(Subfile D) 


cf the files when searching 


(Camputers and Ceantreal) 


Enriched materials: 
Structural, thermal, and 
mechanical characteristics 
Materials science 

Gas and fluid dynamics, 
plasmas 

Enriched materials: 
electrical, magnetic, and 
optical characteristics 
Nuclear physics 

Optics 


(Subfile B) 


Electronic equipment 
Power systems and applications 


Software and applicaticns 
Systems and coantreal theory 


General and management 
applications 
Office auteamaticn 


when 
computer science; 
infearmatian abeaut the 


we 
for 
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